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ABSTRACT 
Traditionally, Indian freshwa^ter aquacUlture is mainly thriving on 
organic fertilization. The basic objective of fertilization has been to 
support plankton growth through photo synthetic food chain. In the 
aquatic ecosystems, microbially decomposed organic product is nutrient 
rich, which is left within the system for further metabolisation by higher 
animals. Hence, the microorganisms, especially heterotrophic bacteria, 
play an important role in aquatic detrital food chain (Fenchel and 
Jorgensen, 1977). Heterotrophic bacteria in the aquatic environment can 
be considered as a single trophic group utilizing the primary production 
that has entered the detritus pool. However, there are also several 
functional groups of bacteria and also the trophic pathways within the 
bacterial component of the food web. 
The productivity of the cultured animals in aquatic systems largely 
depends upon the efficiency with which heterotrophic and autotrophic 
production components are converted into biomass at different trophic 
levels in the food chain. The heterotrophic food chain is limited by oxygen 
and organic substrate availability, whereas the autotrophic food chain is 
limited by light and nutrient availability. Nutrients and organic 
substrates requirement can be met by pond inputs, and oxygen 
availability could be augmented as a byproduct of autotrophic 
production. The above accounts bring out the importance of enrichment 
of detritus levels of aquatic body to increase the productivity through 
recycling of organic matter. 
Use of domestic sewage in fish culture started as early as 1900 
(Ghosh et al, 1974). In India, Hora (1944) and Nair (1944) reported 
activities in sewage-fed fish culture and experimentally observed the 
potential of sewage-fed ponds for fish yield in larger quantity. A number 
of studies have been carried out for the large-scale culture of Indian 
major carps, Chinese carps and catfishes in sewage-fed water bodies 
(Ghosh et al, 1974; Krishnamoorthi et al, 1976; Naskar and Saha, 
1988; Govindan, 1989; Balasubramnyan etal, 1992a). 
The heterotrophic microorganisms are the key level at which the 
metabolism of the whole ecosystem is affected, i.e. nutrient cycling, 
organic matter transformation and mineralisation and energy flow. 
Heterotrophic bacterial populations and primary production in fish 
ponds under different management practices has been studied by Badge 
and Verma (1982). J ana and De (1984) Jana et al. (1980). Jana et al. 
(1982) Tripathi et al. (1989, 1991) Ayyappan et al. (1991), Ayyappan et al. 
(1992). Tripathi et al. (1993) studied microbial activities in fish culture 
ponds using biogas slurry at different levels of application. Total 
heterotrophs, total coliforms, faecal coliforms and faecal streptococci 
were studied by Ayyappan (2000) in a duckweed based sewage treatment 
aquaculture system. 
Depuration was mentioned as a means to decontaminate fish 
grown in waste-fed aquaculture. Attention on public health using waste 
treatment for fish culture in India is limited (Pal and Das Gupta, 1992; 
Bhowmik et al, 2000; Sarkar et al, 2000). Pal and Dasgupta (1991) 
studied about bacterial load in flesh of fishes grown in sewage waters. 
Rajaekharan et al (1977) reported Shiegella spp from the fish grown in 
sewage-fed ponds but opined that in the steamed, fried and curry 
preparation it will not survive. Balasubramanian et al. (1992) reported 
that the bacterial count of the fish grown in sewage reduced more than 
80% in 20 days of depuration. Public health aspects on sewage fish 
culture were also reported by Bhowmik et al (2000) Sarkar et al (2000) 
and Saha and De (2000). 
Water quality parameters with reference to gross primary 
production rates were studied by Ali and Khan (1978), Brylinsky ( 1982). 
Studies on primary production in aquatic habitats have been made by 
several workers (Ragothaman and Reddy, 1982; Eloranta and Adholia, 
1992; Sreenivasan , 1964 Khan and Siddiqui (1971); Kannan and Job 
(1980), Purushothaman (1985), Mehra (1986) and Bhunia and 
Choudhury (1982) and Mathew (1975) Primary productivity studies were 
also carried out in organic and inorganic manured fish ponds by several 
workers (Ayyappan et al, 1991; Llorens etal, 1993). 
Energy flow patterns, the primary production and fish production 
efficiency have been used both to denote the productivity status of water 
bodies and to predict the fish yields (Natarajan and Pathak, 1983). 
Natarajan and Pathak (1987), Ayyappan et al. (1990a) and Kolekar and 
Singh (1999). Information on photosynthetic efficiencies and relations 
between primary production to fish production in aquaculture ponds 
were studied by Noriega-Curtis, (1979); Ram et al. (1982); Mehra, (1986); 
Ayyappan, (1987); J ana and De, (1988), Ayyappan et al. (1990b); 
Sarangi, (1983) 
Considering the vast availability of the domestic garbage and 
sewage, the present study is an attempt to utilise the composted 
domestic garbage collected from 110 quarters of the Central Institute of 
Freshwater Aquaculture (CIFA) campus, Kausalyagang, Bhubaneswar, 
Orissa, India for fish culture and evaluating their efficacy for freshwater 
fish production. The study also intended to evaluate the production 
efficiencies under different waste recycling aquaculture systems, which 
could be used further to make mathematical models. Considering public 
health, in waste-fed aquaculture, depuration studies on bacterial load of 
the fish, grown in sewage, was also carried out. 
Studies were carried out in the fish farm of the Central Institute of 
Freshwater Aquaculture (CIFA), Kausalyaganga, Bhubaneswar, (Lat. 
20° 11' 06" -20°11'45" N; Long 85°50' 52" - 85°51 '35"E), Orissa, India. 
The parameters like water temperature, pH and transparency were 
recorded at the site itself, while the other parameters were analysed in 
the laboratory. Subsurface water samples were collected from ponds 
using 500 ml polythene bottles and subsequently brought to the 
laboratory for analysis of other important parameters. The samples for 
dissolved oxygen were collected using 300 ml BOD bottles and the 
samples were fixed at the site itself by adding Winkler's reagents. The 
samples were analysed by standard methods (Strickland and Parsons, 
1988; APHA, 1989). 
For phytoplankton analysis one liter of water sample was collected 
from each pond and 5 ml of Lugols iodine was added to it. The plankton 
samples were analysed by direct count method with the help of 
Sedgwick-Rafter counter cell under a light microscope. They were 
analysed up to the generic level and the counts were expressed as 
nos. /ml (Edmondson, 1959). The zooplankton samples were collected by 
filtering 50 liters of water taken from the pond randomly with the help of 
a plankton net made of bolting silk (No. 25, mesh size 0.064 mm). The 
samples were analysed with the help of Sedgwick-Rafter counter cell 
under a light microscope by direct count method and the counts are 
expressed as nos./ l (Edmondson, 1959). 
Total heterotrophic bacterial counts were enumerated using 
standard plate count method on nutrient agar medium (Himedia) and 
total coliforms using standard plate count method on brilliant agar 
medium (Himedia). The plates were incubated at room temperature 
(26±2°C) for 48 hours for total heterotrophic bacteria, and at 37oC 
incubated in a BOD incubator for total coliforms (Collins and Lyne, 
1985). After incubation the colony forming units were enumerated and 
averages were computed. The bacterial counts are expressed as cfu/ml 
for water and cfu/g for sediments. 
Primary productivity was done in situ following light and dark 
bottle method (Vollenweider, 1969) and the rates of production were 
expressed as gC/m^/d. The fmal fish production rates with data of 
primary production, manure inputs and feed inputs were used to 
calculate carbon and energy budget and production efficiencies in fish 
ponds under different management practices. Visible light energy 
reaching the water surface at the location Lat. 20° 11' 25" N during each 
month was calculated from solar radiation data obtained from the 
meteorological tables of U.S. Meteorological survey (Kimball, 1935). The 
photosynthetic efficiencies were calculated as ratios of energy fixed to 
incident light energy and from the average fish production levels in 
different treatments. Fish production efficiencies were calculated as 
ratios of photosynthetic energy fixation. Further, the allochthonous 
carbon added through organic manure (sewage, compost and cowdung) 
and supplementary feed, wherever applicable, was included to calculate 
the production efficiencies. 
Experiment I: Use of domestic garbage compost as manure for fry 
rearing of major carps 
The experiments were conducted to study the growth and survival 
of different carp species and energy transfer during rearing of fry to 
fingerlings by using domestic garbage compost in a set of six ponds of 
0.02 ha each. Application of compost at the rate of 10 tonnes /ha /yr (T-1) 
and 20 tonnes /ha /y r (T-II), were the^ two treatments evaluated, in 
triplicate. The study was carried out for a period of 3 months. Fifteen day 
old fry of Indian major carps (Catla catla (catla), Labeo rohita (rohu) and 
Cirrhinus mrigala (mrigal)) obtained from CIFA fish farm were used for 
stocking in the experimental ponds. In both the treatments stocking 
density was kept at 0.1 million/ha in the ratio of 1:1:1 of catla, rohu and 
mrigal with corresponding mean weight of 0.19 g, 0.29 g and 0.17 g. 
Physico-chemical and biological parameters of the experimental ponds 
were analysed weekly. Periodic samplings were carried out for 
assessment of growth and health of the fish species at monthly intervals. 
Fishes were harvested after three months of culture and each species 
was counted individually to record the survival rates and the biomass 
production. Mean weight and average length of the fish at harvest were 
also recorded. From the total production data, energy transfer efficiency 
was calculated in both the treatments. 
Experiment II: Use of sewage, compost and cowdung as manure for 
fingerling rearing and its production efficiency 
In the second experiment, application of compost at the rate of 20 
tonnes /ha /yr (T-I), sewage at the rate 90,000 m3/ha /yr (T-II) and 
cowdung at the rate 20 tonnes /ha /yr (T-III) were the three treatments 
evaluated. One month old fry of Indian major carps, catla, rohu and 
mrigal, at the rate of 0.05 million fry/ha in the ratio of 1:1:1 were used 
for stocking in the experimental ponds. Physico-chemical and biological 
parameters were analysed fortnightly. Growth rate and well being of the 
fishes were carried out at monthly intervals. Harvesting was done after 6 
months of culture and the survival rates and the biomass production of 
each species was assessed separately. Energy transfer efficiency was 
calculated from the data of solar radiation energy, primary production 
and fish production in each experiment. 
Experiment III: Use of sewage and compost with and without 
supplementary feeding for fish production and production efficiency 
The third experiment was conducted to study the growth and 
survival of Indian major carps and Chinese carps, biomass production 
and energy transfer efficiency by using sewage and domestic garbage 
compost in a set of twelve ponds of 0.02 ha each, with and without 
feeding. The treatments included sewage at the rate of 90, 000 m3/ha/yr 
without feed (T-I), sewage at the rate of 90,000 m^/ha /yr with feed (T-Il), 
compost at the rate of 20 tonnes /ha /yr without feed (T-III) and compost 
at the rate of 20 tonnes /ha /y r with feed (T-IV). Forty days old advanced 
fry of catla, rohu, mrigal, silver carp [Hypophthalmichthys molitrix) and 
grass carp [Ctenopharyngodon idella) were used for stocking at the rate of 
5000/ha in the ratio of 1:2.5:4:2:0.5 of catla, rohu, mrigal, silver carp 
and grass carp, respectively. The corresponding mean sizes of the fish 
stocked were 3.9±0.4, 0.96±0.14, 0.50±0.08, 3.65±0.2 and 2.80±0.18g. 
Physico-chemical, biological parameters and growth of fish were analysed 
at monthly intervals. Harvesting was done after one year of culture and 
the survival rates as well as biomass production of each species were 
assessed by weighing. Taking the solar radiation energy data, primary 
productivity and fish production, energy transfer efficiencies in different 
levels were computed. 
Experiment-IV: Evaluation of bacterial depuration of fishes grown in 
sewage 
Studies were conducted to evaluate the reduction of bacterial load 
of sewage grown fishes through depuration in freshwater. Ten fishes each 
of catla, rohu and mrigal were collected from the sewage-fed ponds and 
kept in cement cisterns with clean freshwater for a period of 10 days in 
the wet laboratory. One fish from each species daily was taken and total 
heterotrophic bacteria and total coliforms bacteria were enumerated from 
skin, gill and muscle by standard plate count methods. Bacterial load of 
water was also enumerated daily. The bacterial counts were expressed as 
nos. /ml for water, nos/cm^ for skin, and nos. /g for gill and flesh. 
RESULTS AND DISCUSSION 
Experiment I: Use of domestic garbage compost as manure for fry 
rearing of major carps 
Physico-chemical parameters ranged from 28.2+0.3°C to 
32.1±0.1°C (Water temperature), 9.2±3.5 cm to 46.7±4.2 cm 
(Transparency), 7.2±0.0 to 8.0±0.1 (pH), 2.0+0.0 mg/1 to 13.7±0.4 mg/1 
(Carbondioxide), 4.2±0.5 mg/1 to 7.5±1.8 mg/1 (Dissolved oxygen), 
1.4+0.1 mg/1 to 7.3±4.7 mg/1 (BOD), 51.7±5.8 mg /I to 111.70±.7.0 mg/1 
(Alkalinity), 75.0±5.0 mg/1 to 122.7±5.5 mg/1 (Hardness), 58.3±5.9 mg/1 
to 89.3±7.6 mg/1 (Calcium), O.OliO.Ol mg/1 to 0.06±0.02 mg/1 (NO2-N), 
0.01±0.01 mg/1 to 0.22±0.14 mg/1 (NO3-N), O.OltO.O mg/1 to 0.18±0.14 
mg/1 (NH4-N), 0.02±0.00 mg/1 to 0.30±0.07 mg/1 (PO4-P). Phytoplankton 
ranged from 260±19 nos. /ml to 892±274 nos./ml and zooplankton from 
92±18 nos. / l to 679±162 nos./ l 
Gross primary productivity in the two treatments were in the range 
of 1.10±0.20 gC/m3/d to 2.47±0.40 gC/m3/d and showed wide 
fluctuations during different days of samplings. Mean gross productivity 
values were 1.65 gC/m^/d and 2.01 gC/m^/d in Treatment-1 and 
Treatment-Il, respectively. The gross productivity values in Treatment-II 
with provision of 20 tonnes compost /ha/yr was significantly higher over 
Treatment-1 with 10 tonnes compost/ha/yr . Higher productivity may be 
due to higher amount of organic manure in terms of compost. The net 
primary productivity ranged between 0.45±0.30 gC/m^/d to 1.65±0.10 
gC/m3/d. It also showed wide fluctuations in different months. 
Community respiration also showed wide fluctuations in different 
months with values ranging from 0.23±0.0 gC/m3/d to 1.59±0.60 
gC/m3/d. Mean net primary productivity values were recorded as 0.97 
gC/m3/d and 1.13 gC/m^/d and for community respiration the values 
were 0.69 gC/m^/d and 0.88 gC/m^/d in T-I and T-II respectively. 
In the bacterial coenosis, the heterotrophic bacterial count in water 
showed almost uniform pattern in both the treatments throughout the 
experiment. The heterotrophic bacterial counts in water ranged from 
0.39x103 cfu/ml to 24.80x10^ cfu/ml in two treatments. The mean 
values of heterotrophic bacteria in the sediment ranged from 1.58x105 
cfu/g to 37.9x105 cfu/g. In this experiment, no significant correlation 
could be established between nutrients and heterotrophic bacterial 
count. This may be due to utilisation of nutrients by plankton and 
sedimentation of nutrients in bottom. 
The coliform counts were in the range of l.lSxlO^ cfu/ml to 
44.9x103 cfu/ml in two treatments. Total coliform bacterial counts in 
sediments were in the range of 0.29x10^ cfu/g to 79x10^ cfu/g in two 
treatments. Both the treatments showed almost a uniform pattern in 
total coliform counts through out the study. The mean values of total 
coliforms were less as compared to the observations of Bhowmik and 
Chakrbarti (2000) made in the ponds receiving sewage. The lower values 
of total coliforms may be due to the usage of composted material as 
organic manure. 
In Treatment-I, the survival rate of fishes was found to be, 
39.3±24.9% (catla), 25.3±7.5% (rohu), and 58.4±11.9% (mrigal) and in 
Treatment-II the rates were 84.1±13.2% (catla), 42.9±7.2% (rohu), 
69.6±2.5% (mrigal). The overall survival rate were 41.0±13.1% and 
65.5±4.3% in Treatment-I and Treatment-II respectively. In both the 
treatments, rohu had the lowest survival rate. The overall survival rate of 
fishes were showed a significant difference between two treatments 
(Fi,17=6.791; P<0.02). Specific growth rate of fishes was found to be 
3.4±0.57% (catla), 2.7±0.07% (rohu) and 3.6±0.10% (mrigal) in 
Treatment-I and 2.9±0.19% (catla), 2.5+0.27% (rohu) and 3.7±0.01% 
(mrigal) in Treatment-II. In both the treatments, rohu showed lower 
specific growth rate. Mean survival rates of fishes were significantly 
different in two treatments (Fi,17=6.791; P>0.05). Higher survival and 
growth in T-II may be attributed to high carbon input through compost. 
Tripathi et al. (1991) reported higher survival rate of fry in ponds using 
processed organic manure. 
The energy transfer through photosynthesis and conversion 
efficiencies were computed. Average photosynthetic production values, in 
terms of energy, in two treatments were found to be 16.50 kcal/m^/d 
and 20.10 kcal /m^/d in Treatment-I and Treatment-II, respectively 
during the study period. Transfer of solar energy through photosynthesis 
were recorded as 0.66% in Treatment-I and 0.80% in Treatment-II. 
Average fish production per day was calculated and found to be 
0.2203 g m2/d in Treatment-I and 0.3026 g m2/d in Treatment-II, and in 
terms of carbon, it was 0.026 g C/m2/d, 0.036 g C/m2/d in Treatment-I 
and Treatment-II respectively. 1.60% of photosynthetic energy was 
transformed to fish production in Treatment-I and 1.81% in Treatment-II 
Slightly higher efficiency was observed in Treatment-II. The solar energy 
transfer to fish production was computed as 0.011% in the pond using 
compost at the rate of 10 t / ha /y r and 0.015% in the pond using compost 
at the rate of 20 t /ha /y r . 
As manure, carbon input was calculated as 0.0670 g m2/d and 
0.133 g m2/d in T-I and T-II, respectively. The carbon inputs into the 
ponds through compost were 0.067 g C/m2/d and 0.133 g C/m2/d, and 
conversion efficiencies of fish production by carbon input were 1.48% 
and 1.75% in Treatment-I and Treatment-II respectively. The higher 
energy transfer efficiency might be due to higher input of carbon in 
compost added pond. Ayyappan et al. (1990) have also reported higher 
rate of production efficiencies in fish culture ponds where organic 
manures were used. 
Experiment II: Use of sewage, compost and cowdung as manure for 
fingerling rearing and its production efficiency 
Physico-chemical Parameters were in the range of, 21.5±0.5°C to 
29.7±0.3°C (Water temperature), 10.3±0.6 cm to 52.0±4.0 cm 
(Transparency), 7.7±0.1to 8.4±0.2 (pH), 0.0 mg/I to 12.7+0.3 mg/1 
(Carbondioxide), 6.0±1.5 mg/I to 8.6±3.1mg/l (Dissolved oxygen), 
1.47±0.1mg/l to 4.80+0. lmg/1 (BOD), 122.7±19.7 mg/I to 113.1±24.0 
mg/1 (Alkalinity), 110.5±26.0 mg/1 to 116.3±22.6 mg/1 (Hardness), 
82.3±18.4 mg/1 to 88.1±18.4 mg/I (Calcium), 0.007±0.0 mg/I to 
0.087±0.10 mg/1 (NO2-N), 0.011±0.01mg/I to 0.287±0.13 mg/I (NO3-N), 
0.005+0.0 mg/1 to 0.337±0.17 mg/I (NH4-N), 0.005±0.0 mg/I to 
0.473±0.27 mg/I (PO4-P). Phytoplankton ranged from 207+16 nos./ml to 
3272±442 nos. /ml and zooplankton from 54±7 nos./I to 361±37 nos./I. 
The mean Gross primary productivity values were 3.31, 3.66 and 
4.69 gC/m3/day in T-I, T-II and T-III respectively. The maximum value 
was recorded (9.81±3.21 gC/m^/d) in Treatment-Ill in seventh fortnight, 
whereas the minimum value was recorded (1.60±0.35 gC/m^/d) in 
Treatment-ll in third. Application of different manures had a significant 
effect on gross productivity (F2,ii6=4.099; P<0.02). Treatment-Ill showed 
a significantly higher mean productivity as compared to other 
treatments. Higher productivity in Treatment-Ill may be attributed to 
higher input of carbon through cowdung. The mean net productivity 
values were 1.38, 1.78 and 2.37 gC/m3/day in T-I, T-11 and T-III 
respectively. Net productivity was significantly higher in cow dung 
treated ponds (T-III) than in the sewage treated ponds (T-I), but no 
significant difference was found in compost treated pond (T-II). It may be 
due to the higher carbon input in T-III through the application of 
cowdung. Mean community respiration values were 1.93 gC/m^/d, 1.88 
gC/m3/d and 2.32 gC/m3/d in T-I, T-II and T-III respectively. Ayyappan 
et al. (1990b) have recorded primary production levels in the range of 
2.01-6.01 gC/m3/d from cowdung and inorganic fertilisers manured 
ponds. 
Mean heterotrophic bacterial counts of water were 0.47±0.69 x 10^ 
cfu/ml, 1.84±1.12 X 103 cfu/ml and 1.95±1.29 x 103 cfu/ml in T-I, T-II 
and T-III, respectively. The lowest bacterial count (0.06 x 103 cfu/ml) was 
recorded in the Treatment-I and the highest count (4.40 x 103 cfu/ml) in 
Treatment-Ill. The differences in heterotrophic bacterial counts in water 
of different treatments were highly significant (F2,38=7.885; P<0.01). 
Tripathi et al. (1993) also reported a significant difference in 
heterotrophic bacterial count in different treatments using organic 
manures. The values of heterotrophic bacteria in the sediments ranged 
from 0.07 x 10^ cfu/g to 6.25 x 10^ cfu/g. The highest value was 
recorded in Treatment-I in the third fortnight and the lowest in 
Treatment-Ill in the eleventh fortnight. Highly significant differences were 
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also noted in different treatments in heterotrophic bacterial counts in 
sediments (F2,38=62.524; P<0.001). 
Total coliform bacteria in water were in the range of 0.07x 10^ 
cfu/ml to 0.94 X 10^ cfu/ml in different treatments. Total coliform 
bacteria in water showed highly significant difference in different 
treatments (F2,38=13.819; P<0.001). Total coliform bacterial counts in 
sediments were in the range of 0.12x lO^ cfu/g to 1.06 x 10^ cfu/g in 
different treatments. In Treatment-I and Treatment-Ill, total coliform 
bacterial count reduced gradually till the end of third month and then 
gradually increased till the end of the experiment, whereas, in 
Treatment-II, it showed a slight increase till second month and then 
decreased gradually till the end of the experiment Analysis of variance 
showed highly significant difference of mean values of total coliforms in 
sediments in different treatments (F2,38=17.881;P<0.001). Tripathi et al. 
(1993) reported a significant difference in total coliform bacteria in water 
and sediments in fish culture ponds using different organic manures. 
In all the treatments, mrigal showed a higher survival rate as 
compared to catla and rohu. It ranged from 52.4±4.4% in Treatment-Ill 
to 70.6±5.8% in Treatment-II. Survival rate of rohu ranged from 
42.0±2.8% in Treatment-Ill to 46.1+1.6% in Treatment-II. Catla showed 
poor survival rate, among the three carp species, which ranged from 
36.7±3% in Treatment-I to 40.9+4.7% in Treatment-Ill. It was found that, 
overall, survival rate was better in Treatment-II (50.6±3.1%) than in the 
Treatment-I (47.4±2.3%) and Treatment-Ill (45.1±1.8%). 
Specific growth rate of fishes in various treatments ranged from 
1.59±0.0% (T-II) tol.64±0.02% (T-III). Mrigal had a higher growth rate, 
ranging from 1.70±0.01% (T-II) to 1.79±0.02% (T-I) followed by rohu 
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1.61±0.02% (T-I) tol.69±0.04% (T-II) and catla 1.41+0.02% (T-II) to 
1.47±0.02% (T-III). Mrigal showed better SGR (1.79 in T-I, 1.7 in T-II and 
1.76 in T-III) as compared to rohu (1.61 in T-I, 1.69 in T-II and 1.68 in T-
III) and catla (1.43 in T-I, 1.41 in T-II and 1.47 in T-III). Jena et al. (1999) 
have recorded very high SGR for catla (5.28), rohu (5.1) and mrigal (5.48) 
in pond experiments when supplementary feed was provided. Patnaik et 
al. (1991) recorded SGR levels of 1.86, 1.79 and 1.47 in catla, rohu and 
mrigal respectively, fed on prepared diets using water hyacinth as a 
major feed ingredient. Fish production rates from different experiments 
were 1028.2, 1050, and 1004.3 kg /ha /y r from T-I, T-II and T-III 
respectively. Laxman et al. (1968) got a production of 1450 kg /ha /yr 
from experimental ponds using cowdung and inorganic fertilisers. Sen 
and Chakrabarti (1979) have also observed a higher production rate upto 
1725 kg /ha /y r in ponds fertilized with cowdung and fed with 
supplementary feed. 
Average visible radiation energy during the study period was 
calculated as 1781.4 kcal/m^/d. Average photosynthetic production were 
recorded as 33.10 kcal/m2/d, 36.60 kcal/m2/d, 46.90 kcal/m2/d in 
sewage treated pond (T-I), compost treated pond (T-II) and cowdung 
treated pond (T-III), respectively. The conversion efficiency of solar energy 
to chemical energy through photosynthesis were recorded as 1.86% in T-
I, 2.05% in T-II and 2.63% in T-III. Fish production efficiencies over 
photosynthetic energy were found to be 1.021, 0.943 and 0.704% in T-I, 
T-II and T-III, respectively. Fish production efficiencies over light energy 
were calculated as 0.019, 0.0194 and 0.0185% in T-I, T-II and T-III 
respectively. 
The carbon inputs into the ponds through manures were 0.088 g 
C/m2/d, 0.111 g C/m2/d and 0.236 g C/m2/d in T-I, T-II and T-III 
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respectively. Mean fish production levels per day were computed from the 
biomass harvested and found to be 0.034 g C/m2/d in T-I, 0.035 g 
C/m2/d in T-II and 0.033 g C/m2/d in T-III. Using these organic 
manures for fmgerling rearing, energy transfer values from solar energy 
to fish were calculated as 0.0190%, 0.0194% and 0.0185% in sewage, 
compost and cowdung treated ponds respectively. Based on total carbon 
input, the fish production efficiencies were 0.0995%, 0.915% and 
0.670%. Domestic garbage compost treated ponds showed a higher 
energy transfer capacity, followed by sewage treated ponds and cowdung 
treated ponds. In the present experiment, the fish production efficiency 
values were slightly less as compared to the observation made by 
Ayyappan et al. (1990b). This may be, partly, due to low amount of 
nutrients in the ponds and lower productivity of the pond. Compared to 
raw cowdung, processed manure, compost and treated sewage showed 
higher energy transfer efficiencies, indicating the superiority of processed 
organic manure over raw organic manure for a better production. 
Experiment III: Use of sewage and compost with and without 
supplementary feeding for fish production and production efficiency 
Various physico-chemical parameters ranged from 21.2±0.3 °C to 
30.5±0.5 °C (Water temperature), 17.Oil.0 cm to 35.7±1.5 cm 
(Transparency), 7.0±0.5 to 8.2±0.2 (pH), 0.3±0.4 mg/1 to 14.3±2.1 mg/1 
(Carbondioxide), 5.4±0.2 mg/1 to 9.9±0.5 mg/1 (Dissolved oxygen), 
2.9±0.1 mg/1 to 8.2+0.4 (BOD), 70.0±2.0 mg/1 to 160.7±1.2 mg/1 
(Alkalinity), 70.0±2.0 mg/1 to 160.7±1.2 mg/1 (Hardness), 25±1.0 mg/1 to 
88.3±1.5 mg/1 (Calcium), 0.003±0.001mg/l to 0.825±0.010 mg/1 (NO2-N), 
0.005±0.002 mg/1 to 1.080+0.053 mg/1 (NO3-N), 0.014+0.004 mg/1 to 
0.30±0.004mg/l (NH4-N), 0.012±0.007 mg/1 to 0.206±0.023 mg/1 (PO4-P). 
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Phytoplankton ranged from 397±141 nos. /ml to 501±156 nos./ml and 
zooplankton from 233±66 nos./ l to 357±115nos./l-
The mean values of gross primary productivity were 4.79 gC/m^/d, 
4.78 gC/m3/d, 4.98 gC/m3/d and 4.21 gC/m3/d in T-1, T-II, T-III and T-
IV respectively. In all the treatments, it showed a similar trend of 
variations, except in Treatment-Ill, where two peaks were observed 
during March and July. Significant differences in mean values of gross 
productivity in different treatments were recorded (F3,i43 = 6.538; 
P<0.001). The mean gross primary productivity in Treatment-IV was 
significantly lower than that of the other treatments. The average net 
productivity values were 2.89, 3.05, 2.07, 1.81 g C/m^/d in Treatment-I, 
Treatment-II, Treatment-Ill and Treatment-lV respectively. Significant 
differences were observed in net primary productivity in different 
treatments (Fa.Ms =19.34; P<0.001). Net productivity, in both compost 
treated ponds, was less as compared to sewage treated ponds. 
Community respiration ranged from 0.67±0.19 g C/m^/d to 6.83±0.15 g 
C/m3/d, and showed significant difference in different treatments 
(Fa,143=5.72; P<0.001). The productivity values in the present study, are 
slightly lower than the values reported by Chakrabarty (2000) in sewage 
culture ponds but higher than the values reported from cowdung and 
biogas slurry treated ponds (Tripathi et al, 1993). 
Average heterotrophic bacterial counts of water were 1.30, 0.61, 
0.45 andO.37 x 103/ml in Treatment-I, Treatment-II, Treatment-Ill and 
Treatment-IV, respectively. Application of different manures did not show 
any difference in heterotrophic bacterial count in water. This may be due 
to the availability of organic matter, which was more or less same in the 
different treatments. The values of heterotrophic bacteria in the 
sediments ranged from 4.60 x 103 cfu/g to 90 x 103 cfu/g in different 
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treatments. The highest value was recorded in Treatment-II in the month 
of January. Mean heterotrophic bacterial counts in sediment were 31.45, 
33.12, 30.27 and 26.64 x 10^/g in Treatment-1, Treatment-11, Treatment-
Ill and Treatment-IV, respectively. In sediments also, heterotrophic 
bacteria did not show any significant difference between the treatments. 
Total coliform bacteria in water ranged from 1.3 x 10^ cfu/ml (T-III) 
to 56 X 102 cfu/ml (T-1) in different treatments, whereas total coliform 
bacterial counts, in sediments, ranged from 1.2 x 10^ cfu/g to 10.6 x 10^ 
cfu/g in different treatments. Total coliform bacteria showed a decline 
during initial months and from April onwards it became steady till the end 
of the experiment. The coliform numbers were less as compared to the 
findings of other workers (Bhowmik et ai, 2000) from sewage-fed ponds. It 
may be due to the intake of already stabilised sewage from an oxidation 
pond and use of composted organic matter. Ayyappan (2000) has also 
observed reduction of coliform bacteria to the extent of 70-100% in a 
duckweed and fish based aquaculture sewage treatment system. 
Survival rate of catla ranged from 76.7±11.6% (T-I) to 90.0±17.3% 
(T-II), of rohu from 57.3±8.3% (T-1) to 90.7+9.2% (T-IV), of mrigal from 
63.3±12.3% (T-1) to 90.0113.2% (T-IV), of silver carp from 70.0±8.7% (T-
III) to 75.0±5.0% (T-IV) and of grass carp from 40.0±0.0% (T-1) to 
66.7±11.6% (T-IIl). The overall survival rate of fishes ranged from 
66.7±4.7% (T-1) to 85.0±8.7% (T-IV). There was no significant variation in 
survival rate between different treatments. Higher survival rates were 
observed in T-II and T-IV (Table 53), where supplementary feed was 
provided in addition to manure. Tripathi et al. (2000) reported a better 
survival rate in ponds where inorganic manuring and strict feeding 
schedule was followed. Tripathi et al. (1993) have recorded survival rate 
ranging from 74-92.5% in biogas slurry treated ponds. Jena et al. (2002) 
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have also recorded 80.35 to 86.15% survival rate in carp culture ponds 
under different densities of stocking. 
The specific growth rate (SGR) of catla ranged from 1.33+0.03% (T-
III) to 1.45±0.01% (T-IV), of rohu from 1.59+0.03% (T-III) to 1.69±0.04% 
(T-IV), of mrigal from 1.66±0.03% (T-111) to 1.91±0.04% (T-IV), of silver 
carp from 1.34± 0.01% (T-I) to 1.49±0.01% (T-IV) and of grass carp 
1.53±0.09% (T-III) to 1.63±0.02% (T-IV) (Table 53). The overall growth 
rate of fishes in different treatments ranged from 1.47±0.04% (T-III) to 
1.61 ±0.02% (T-IV). Different manuring applications did not show any 
effect on overall SGR of fishes in the present experiment. However, 
treatments with supplementary feed (T-II 86 T-IV) showed higher SGR. 
Tripathi et al (1993) have also reported a higher SGR values for the 
fishes grown in biogas slurry treated ponds with supplementary feeding, 
whereas, in the ponds treated with only biogas slurry and cowdung did 
not show any variation in overall specific growth rates of fishes. In the 
present experiment, the growth of silver carp in sewage treated ponds 
was found to be about 1 kg, which is similar to the findings of Ghosh et 
al. (1979). The growth performance of mrigal was better in all the 
treatments compared to other major carps and this may be attributed to 
utilisation of available detritus and benthic organisms in the ponds 
(Chakrabarty, 1987). 
Production rates were computed from the biomass harvested from 
different ponds. T-IV showed highest production rate (2575.0±44.4 
t /ha/yr) followed by T-II (2178.31232.5 t /ha /yr ) , T-I (1378.3±37.5 
t /ha/yr) and T-III (1298.3165.3 t /ha /yr ) . Production rates showed a 
significant difference in different treatments (Fa.sg = 5.664; P<0.002). The 
ponds with supplementary feeding (T-II and T-IV) showed significantly 
higher production than the ponds (T-l and T-iri) without supplementary 
feeding. This indicates that the amount of carbon applied through 
manure alone is not sufficient for fish growth. 
Fish production rates in the present experiment were in conformity 
with the production rates reported from the ponds using biogas slurry 
and cowdung (Tripathi et ai, 1993). Chakrabarty et al. (1979a) and 
Tripathi et al. (1989) have also reported fish production in the range of 
2226-4297 kg /ha /y r under low input carp polyculture systems using 
only fertilisers. 
Studies on production efficiencies of aquatic ecosystem are of 
practical value in their proper management for fish culture. The 
information on production efficiencies has been used both to denote the 
productivity status of water bodies as well as to predict fish yield 
(Melack, 1976). 
In the present experiment, photosynthetic production efficiencies 
were computed taking into account the data of incident solar energy 
available at the experimental station and gross primary production of 
different treatment ponds. The average solar energy data for the period of 
experiment was calculated from the solar radiation data (Kimball, 1935) 
and found to be as 1979.314 K cal/m2/d. The mean production 
efficiency ranged from 1.96% in Treatment-lV to 2.56% in Treatment-lII. 
The energy transfer through photosynthesis ranged from 1.28±0.14% of 
solar energy in Treatment-Ill during August and in Treatment-IV during 
April to 3.93±0.06% in Treatment-II during October. 
Photosynthetic energy fixed in different treatments were 47.90, 
47.80, 49.80 and42.10 K cal/m2/d in Treatment-I, Treatment-II, 
Treatment-Ill and Treatment-IV, respectively. The lowest energy was 
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found in Treatment-IV. The corresponding energy conversion efficiency, 
from solar energy to photo synthetic energy, was computed and found as 
2.42, 2.41, 2.52, and 2.13% in Treatment-I, Treatment-II, Treatment-Ill 
and Treatment-IV, respectively. Mean values showed significant 
deference in different treatments (F3,i43 = 5.74; P<0.001). Aj^appan et al. 
(1990b) have reported mean production efficiency in the range of 1.03 to 
2.51% and 0.91 to 2.69% in two experiments conducted with different 
organic manures. 
The mean photosynthetic production values in four treatments 
during the study period were 4.79, 2.41, 2.52 and 2.13 g C/m^/d with 
corresponding conversion efficiencies from solar energy as 2.42, 2.41, 
2.52 and 2.13% in T-I, T-II, T-III and T-IV treatments, respectively. The 
efficiency values in the present experiment are higher than the natural 
water bodies and this can be related to different management techniques 
of pond culture. 
Fish production levels were recorded as 0.3777, 0.5968, 0.3558 
and 0.7055 g C/m2/d in Treatment-I, Treatment-II, Treatment-Ill and 
Treatment-IV, respectively, and in terms of energy calculated, the values 
were 0.4532, 0.7162, 0.4269 and 0.8466 Kcal/m2/d in different 
treatments. Energy transfer, as fish production, was computed from 
photosynthetic production and found to be 0.9461, 1.4984, 0.8572 and 
2.0109% in T-I, T-II, T-III and T-IV, respectively. Ayyappan et al (1987) 
reported 0.4257% of photosynthetic production to fish production 
efficiency from a freshwater lake. Fish production efficiency 1.2% is an 
index of good production (Odum, 1962). Le Cren and McConnel (1980) 
reported that the production efficiency values generally vary between 0.1 
and 1.6% in natural waters. 
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The carbon inputs into the ponds, using different manures were 
calculated as 0.085, 0.085, 0.089 and 0.089 g C/m2/d in Treatment-I, 
Treatment-II, Treatment-Ill and Treatment-IV, respectively. The total 
carbon input, including photosynthetic carbon fixation, in the ponds 
were calculated as 4.875, 5.165, 5.069 and 4.619 g C/m2/d, and based 
on total carbon input, energy transfer efficiency values were 0.93, 1.387, 
0.842 and 1.833% in Treatment-I, Treatment-II, Treatment-Ill and 
Treatment-IV, respectively. Tripathi et al (1989) reported conversion 
efficiencies, based on total carbon input, as 1.94%, 2.75% and 3.11% in 
ponds treated with biogas slurry (15 t /ha /y r , 30 t /ha /yr) and cowdung 
(10 t /ha /yr) respectively. In the lakes and reservoirs, production 
efficiencies, based on total carbon input, reported to be as 0.24% in 
Bhavanisagar reservoir, 0.045% in Nagaijunasagar reservoir, 0.028% in 
Rihand reservoir, 0.164% in Govindsagar reservoir (Natarajan and 
Pathak, 1987), 0.426% in Sanky tank (Ayyappan et al, 1987) and 
0.588% in Keetham lake (Kolekar and Singh, 1999). 
In the present experiment, the efficiency was slightly higher than 
the natural waters and this may be due to different management 
practices such as stocking of fish, manuring and feeding as also reported 
by Olah et al. (1986). In the present experiment, though production 
efficiency was relatively less in Treatment-IV (4.619 g C/m^/d), but fish 
production was significantly higher (2575 kg/ha/yr) . This may be due to 
the availability of detritus and supplementary feed in this treatment. 
Noreiga-Curtis (1979) and Olah et al. (1986) also observed that primary 
productivity alone is not sufficient to account for fish production in 
fertilised ponds where heterotrophic food chain also plays an equally 
important role. In the present experiment, it is observed that though 
photosynthetic efficiency was less in Treatment-IV, a higher production 
is achieved. 
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Experiment-IV: Depuration of bacterial load of fishes grown in 
sewage 
The total heterotrophic bacteria and total coliform bacteria showed 
a sudden increase in water on second day, in all the three tanks, and 
from third day onwards, it showed a declining trend. The increase on the 
second day may be due to the dispersion of bacteria present on the skin 
and gill of the fish to water, as also reported by Balasubramanyan et al 
(1992). On day seven, the total bacterial count and total coliforms almost 
became negligible in all the tanks. Initially, total bacterial load in skin 
was 0.624 xlO'* cfu/cm2, 0.845 x lO^cfu/cmS and 0.978 xlO^ cfu/cm2 
and that of total coliforms were 1.80 x l 0 3 cfu/cm^, 1.92 xlO^ cfu/cm^ 
and 2.01 xlO^ cfu/cm^ in rohu, catla and mrigal, respectively. In all the 
fishes, bacterial load reduced to negligible level on fifth day of 
depuration. Bacterial load of skin reduced by more than 90% on seventh 
day of depuration in all the fishes. 
Gill had a higher bacterial load in all the three fishes. Mrigal had 
highest bacterial count (total bacteria 3.21 x lO'^  cfu/g) followed by catla 
(2.103 X lO'' cfu/g) and rohu (1.800 x 10^ cfu/g). Total coliforms in gills 
ranged from 6.12 x 10"* cfu/g in mrigal to 3.56 x 10"^  cfu/g in catla and 
4.80 X lO'* cfu/g in rohu. Bhowmik and Chakrabarti (2002) also recorded 
highest bacterial counts in gills of fishes grown in sewage. The higher 
bacterial load in gills may be due to the role of the gills in filtering 
microscopic organisms (Hampl et al, 1983). In the present experiment, 
nearly 90% reduction of total bacteria and total coliforms achieved by 
sixth day of depuration, in all the fishes. 
Initially, flesh had the lowest count of total bacteria as 0.68 xlO'* 
cfu/g, 0.69 xlO^ cfu/g, 0.98 xlO'^ cfu/g and coliform bacteria as 0.86 
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xl03 cfu/g, 0.81 xl03 cfu/g and 1.23 xl03 cfu/g in rohu, catla and 
mrigal, respectively, which were reduced by more than 90% on the fifth 
day of depuration, except total coliforms in catla. In catla, total coliforms 
reduced more than 90% by seventh day. Overall, it was found that the 
bacterial count reduced to more than 80% in 4-6 days of depuration in 
all the fishes. 
In this experiment, total coliforms reduced almost up to 90% on 
sixth day of depuration from all organs in rohu, catla and mrigal. This 
shows that depuration of 5-6 days will be sufficient to remove bacterial 
load for making fish fit for human consumption. Fattal et al. (1993) 
observed reduction of E. coli, when the fish kept for 5-8 days under 
starvation. Pal and Dasgupta (1991) also reported almost 90% of 
reduction of E. coli and S. typhi from the gut of the fish, grown in sewage, 
on sixth day of depuration in freshwater. In the present experiment, 
complete absence of coliforms and reduction of more than 90% of total 
heterotrophic bacteria observed on seventh day in rohu. In catla, it was 
observed on eighth day and in mrigal it was on ninth day. 
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1. INTRODUCTION 
The increased urbanization coupled with its two and a half 
times faster population growth against rural counterpart over the 
years has led the global population to reach at the level of about 50 
per cent mark. United Nations projections further shows that by 
2025, more than three-fifth of the world population will live in 
urban areas (U. N., 1993). Today, about half of the world's 
population, above three billion people, lives in urban areas. The 
latest statistics also indicate that countries with developing 
economy account for a large and rapidly increasing proportion of 
the world's urban population (Marcia, 2006). With the increase in 
human population, urbanization and indutrialisation, the world 
scenario is changing rapidly and becoming increasingly diverse and 
complex in the new millennium and due to these there have been 
lot of pressure on urban areas for employment and dwelling. This 
may create a variety of inter-related problems such as food 
production, energy use, unemployment and urbanization. The 
process of urbanisation in India, since the beginning of last century 
(1911 onwards) reveals a steady increase in the size of its urban 
population, number of urban centres and level of urbanisation. It 
showed a rapid rise after 1951. From a modest base of 25.8 million 
persons in 1901 the number of urban dwellers has risen to 285 
million, signalling a phenomenal eleven fold increase in urban 
population over the period 1901-2001 (Trivedi et al, 2005). 
Due to the increased urbanisation and industrialisation the 
volume of domestic sewage, garbage and industrial effluents are 
steadily increasing. Wastewater and garbage produced in the 
community are the residue of the resources that the community has 
metabolised (Basu, 1975). The disposal of ever increasing load of 
garbage and wastewater is drawing attention of every planner, 
researcher and policy maker for keeping the environment free from 
pollution. 
There has been an increasing interest in reuse of wastewater 
in agriculture over the last few decades due to increased demand 
for freshwater. Population growth increased per capita use of water, 
demand of the industries and the agricultural sector together put 
pressure on water resources. Thus, the treated water obtained from 
the waste treatment systems should also be put to beneficial use 
and not wasted (Asano, 1998). Further, reuse of treated wastewater 
for irrigation and industrial purposes can be the strategy to release 
freshwater for domestic use and to improve the quality of river 
waters. Wastewater is used extensively for irrigation in certain 
countries i.e. 67% of total effluent of Israel, 25% in India and 24% 
in South Africa, for irrigation through direct planning, though 
unplanned reuse is considerably greater. During the last decade, 
there has been growing concern that the world is moving towards a 
water crisis (Falkenmark, 1990). There is increasing water scarcity 
in dry climate regions, like in Africa and South Asia, and there are 
major political implications of water scarcity in some regions e.g. 
Middle East (Murakami, 1995). 
Domestic sewage, the liquid waste' discharged from domestic 
sources, is usually greyish and relatively dilute. Depending on the 
amount of physical, chemical and biological constituents, sewage 
may be strong, medium and weak (Rao, 1992). Sewage is well 
known for its vast array of high concentration of nutrients 
necessary for biological systems and an important source of 
fertilisers for aquaculture production through augmentation of 
natural fish food organisms. In India, it is estimated that 22,900 
million litres per day (MLD) of domestic wastewater is generated 
from urban areas alone, against 13,500 MLD industrial wastewater. 
Apart from this, more then 3000 MLD sewage is generated in 
second-class towns (Trivedi et al, 2005). Klein (1962) reported that 
domestic sewage contains about 250-400 ppm of organic carbon 
and 80-120 ppm of nitrogen giving a ratio of 3:1. Accordingly, if we 
take u rban sewage alone, roughly about 500 tonnes of nitrogen, 
200 tonnes of phosphorus and 300 tonnes of potassium are wasted 
daily, which can be effectively utilised for agriculture and 
aquaculture. 
The amount of human waste potentially available for reuse in 
developing countries is prodigious and, if utilized effectively, could 
play a tremendous role in food production. McGarry (1972) 
estimated the production of excreta in Asia of about 30 million 
tonnes dry weight per year, containing 9.7 million tonnes of 
nitrogen, 1.4 million tonnes of phosphorus, and 1.9 million tonnes 
of potassium. Hanumanulu (1978) had pointed out that in India, 
the gap between food production and need could be reduced 
considerably by properly treating and recycling nutr ients contained 
in the sewage. To meet growing demand for food in Indonesia, 
Soermarwoto (1977) had recommended priority for research on 
nutrient recycling by traditional methods, including excreta-fed fish 
ponds. China has set an example for other countries by making use 
of as much as 90 percent of its night soil in agriculture (AIT, 1989). 
Conventional sewerage systems do not remove nutrients efficiently 
(Mara and Pearson, 1986). There is concern that as the human 
population continues to grow, natural waters will be unable to 
assimilate nutrients without serious and far-reaching 
consequences. 
Alternative methods of waste treatment are needed to rec\-cle 
nutr ients into useful foods and to safeguard the environment 
(Mihursky, 1969). As the populations of many regions outgrow their 
water supplies, interest in wastewater reuse is increasing. Millions 
of people, particularly in Asia, depend on agriculture and 
aquaculture using reused or treated waste as main input. New 
national goals in wastewater treatment in the United States of 
America place strong emphasis on the use of natural systems and 
improved biological processes. These goals encourage sewage reuse 
through agriculture, forestry and aquaculture (Duffer, 1982). 
However, the cultivation of fish in wastewater remains largely 
conceptual (Henderson, 1982) and experimental (Ryther, 1980). 
Aquaculture systems - activated sludge and trickling filters and 
tertiary treatment of effluents from secondary treatment systems 
using stabilization ponds - might be cheaper and simpler 
alternatives to conventional secondary treatment (Henderson and 
Wert, 1976; Henderson, 1982). Waste stabilization pond systems 
are receiving special attention because, unlike conventional sewage 
treatment involving activated sludge and trickling filters, they have 
the potential for nutrient reuse (Mara and Pearson, 1986). 
The utilization of natural waste treatment systems such as 
aquaculture should reduce energy costs and the reuse of nutrients 
in the production of biomass, considerably reducing the operating 
costs. The possibility of generating revenue from fish culture in 
sewage stabilization ponds could also be a financial incentive for 
improved operation and maintenance of sewerage schemes. 
Thorslund (1971) discussed the relevance of aquaculture for the 
treatment of domestic wastewater in developing countries where 
there are problems in construction and operation of conventional 
sewage treatment plants. He considered cultivation of fish in 
domestic wastewater to be logical both to control pollution and to 
obtain a cheap supply of protein. 
There are five important constituents of domestic wastewater 
that are targeted for removal through treatment: total suspended 
solids (TSS), Biological oxygen demand (BOD), nutrients like 
nitrogen (N), phosphorus (P) and pathogenic microorganisms. Raw 
municipal sewage contains average concentrations of 200 mg/1 
TSS, 200 mg/1 BOD, 40 mg/1 of nitrogen and 10 mg/1 of 
phosphorus. Among pathogenic bacteria, coliforms groups are used 
as an index and their standard population is 5 x 10^ MPN/100 ml 
in raw sewage (Lager and Smith, 1974). The discharge of untreated 
sewage into adjoining rivers and other natural water bodies poses 
hazards like contamination of drinking water by microbial agents of 
enteric diseases and depletion of oxygen supply as a result of 
microbial decomposition of organic matter leading to the 
destruction of animal life (Shiaris, 1985; Tandon, 1992). 
Sewage treatment normally involves primary or physical, 
secondary or biological and tertiary or advanced treatment, where 
physical treatment can remove 20-30% BOD, present in particulate 
form by screening, precipitation and settling in basins or tanks. 
Biological treatment is used for removal of dissolved organic matter 
(about 90-95%) and sewage pathogens and advanced treatment 
measures can remove inorganic nitrogen, phosphorus or other 
chemicals including recalcitrant organic compounds. The common 
biological treatment systems are the activated sludge system, 
trickling filter system, oxidation/waste stabilization ponds, aerated 
lagoons, high rate algal ponds (HRAP) and various anaerobic 
systems, the latest one being the Upflow Anaerobic Sludge Blanket 
(UASB) process. Some of the biological t reatments with resource 
recovery include root zone treatment, wetland system, aquatic 
macrophyte bed and aquaculture. 
There is a worldwide need to find alternate methods of 
treating domestic waste because of the cost of disposal and 
environmental and human health issues that primarily originate 
from the mismanagement of putriscible waste. Composting has 
been accepted as a productive and eco-friendly way to manage the 
waste materials, which can be utilised for agriculture and 
aquaculture purposes (Panikkar et al, 2004). Composting can be 
defined as the biological decomposition of the organic constituents 
of wastes under controlled conditions. This process can take place 
in the presence or absence of oxygen. The former is called aerobic 
composting and the latter anaerobic. If efficiently carried out, 
aerobic composting can rapidly produce a pathogen-free product. 
Anaerobic composting by contrast requires much longer 
decomposition time and is seldom free of pathogen and odour 
problems (Obeng and Wright, 1987). 
It is estimated that 30% of the vegetable and fruits produced 
in India go unutilised, this together with unutilised food materials 
go as garbage. Though in recent years garbage is being used 
extensively for preparation of vermin-compost and used especially 
in horticulture, the use of the same in aquaculture is yet to be 
taken up . Considering the growing urbanisation and housing 
colonies, garbage generation will definitely increase several folds 
that may create an ecological threat, if not effectively managed. The 
garbage can be systematically collected from the housing colonies, 
segregated for the biodegradable parts and can be composted for 
further use in agriculture or aquaculture. This not only can 
minimize the ecological threats but also reduce the cost of 
production of the agricultural produce. 
Aquaculture in India offer enormous scope of recycling a 
variety of organic wastes, like household garbage and agro-residues. 
According to Ramachandran and Sinha (1993) as much as 321 
mmt of agro-residues are available annually in the country for 
recycling. According to India Agricultural Research Data Book 
2004, the losses in fruits and vegetables are to the tune of 30 
percent. Taking estimated production of fruits and vegetables in 
India at 150 million tonnes, the total waste generated comes to 50 
million tonnes per annum. Recycling these waste is one of the most 
important challenges for production of new products and meeting 
the requirements of essential products required for human, animal 
and plant nutrition. 
Organic farming forms the mainstay of fertilization in Indian 
freshwater aquaculture. The basic objective of fertilization has been 
to support plankton growth through the photosynthetic food chain 
and importance of decomposition in sustaining the detritus food 
chain is well established in pond ecosystem (Wetzel and Hough, 
1973). In the aquatic ecosystems, microbially decomposed organic 
product is nutrient rich, which is left within the system for further 
metabolisation by higher animals. Hence, the microorganisms, 
especially heterotrophic bacteria, play an important role in aquatic 
detrital food chain (Fenchel and Jorgensen, 1977). Heterotrophic 
bacteria in the aquatic environment can be considered as a single 
trophic group utilizing the primary production that has entered the 
detritus pool. However, there are also several functional groups of 
bacteria and also the trophic pathways within the bacterial 
component of the food web. 
The productivity of the cultured animals in aquatic systems 
largely depends upon the efficiency with which heterotrophic and 
autotrophic production components are converted into biomass at 
different trophic levels in the food chain. The heterotrophic food 
chain is limited by oxygen and organic substrate availability, 
whereas the autotrophic food chain is limited by light and nutrient 
availability. Nutrients and organic substrates requirement can be 
met by pond inputs, and oxygen availability could be augmented as 
a by-product of autotrophic production. The above accounts bring 
out the importance of enrichment of detritus levels of aquatic body 
to increase the productivity through recycling of organic matter. 
Composting is the natural process of 'rotting' or 
decomposition of organic matter by microorganisms under 
controlled conditions. Compost is a rich source of organic matter. 
Soil organic matter plays an important role in sustaining soil 
fertility, and hence in sustainable agricultural production. 
Composting is also considered as a waste management technique 
(Haddon, 1993). Composting, the controlled biodegradation of 
organic viAastes into a humus-like product (Bluestem, 1997a), 
manipulates the processes of biodegradation in a controlled 
environment. It has a preferred position in the hierarchy of 
integrated solid waste management (ISWM) (Bluestem, 1997b). 
Considering the fact that organic fertilization encourages the 
primary productivity and further strengthens the detritus food 
chain, and also due to its vast availability and easy accessibility, 
domestic garbage utilisation in aquaculture deserves attention. 
It has been estimated that there are more than 132 sewage-
fed fisheries in India covering about 12,000 ha (Ghosh et ah, 1985). 
Sewage is reused in well-defined sewage-fed fisheries in West 
Bengal, the only state in India where sewage is widely used for fish 
culture (Saha, 1970; Saigal, 1972; Dehadrai and Ghosh, 1977; 
Jhingran, 1991). Utilisation of treated sewage for fish culture 
attracted attention of researchers not only for vast possibilities of 
production of fish, but also to check the communicable diseases by 
pathogenic organisms such as bacteria. Municipal wastewater 
contains more than required amounts of nutr ients for aquaculture 
and thus need optimum application rates to balance between the 
natural productivity, fish growth and nutrient removal on one hand 
and minimize the stress levels of oxygen and ammonia on the other. 
It is important to note that most of the sewage-fed 
aquaculture systems are traditional and are developed mainly by 
the farmers and local communities. Attention on public health 
using waste treatment for fish culture in India is limited (Pal and 
Das Gupta, 1992; Bhowmik et al, 2000; Sarkar et al, 2000). Ghosh 
et al. (1988) reported coliform bacteria, Streptococci and Salmonella 
are mostly encountered in a sewage-fed fish ponds. First 
impressions invariably are that fish farmed in such systems are not 
safe to eat because of likely infection from disease causing 
organisms contained in domestic wastewater. An improved design 
provides minimal treatment of wastewater and maximal production 
of microbiologically safe fish (Mara et al, 1993; Mara, 1997). There 
is one-day retention in an anaerobic pond followed by four days 
retention in a facultative pond before the partially treated effluent 
enters the fish pond. Less than 10% of the total pond area is used 
for pre-treatment with far more nutrients contained in the 
wastewater used to produce fish than in the conventional design. 
The design takes into consideration the extremely rapid die-off of 
faecal coliforms in fertile wastewater-fed fish ponds. 
Anecdotal evidence does not indicate significantly increased 
risk to public health from consumption of fish raised in most reuse 
systems but scientifically based data are almost entirely lacking to 
support such a contention. It was recognized at the outset (WHO, 
1989) that public health s tandards should be based on 
epidemiological rather than microbiological guidelines i.e., on actual 
rather than on potential risk, and this has been detailed by Strauss 
(1996). There is evidence from India (Pal and Das Gupta, 1992) and 
Egypt (Easa et al, 1995) that the microbiological quality of fish 
cultured in wastewater-fed ponds is at par with that of freshwater 
fish from many other water bodies and surface waters which have 
been polluted unintentionally. 
Since fish produced from sewage aquaculture is used for 
human consumption, the bacterial load of fish is of prime concern. 
Studies on the bacterial load of fish grown in sewage were carried 
out by several workers (Buras et al, 1987; Balasubramanyan et al, 
1992; Bhowmik et al, 2000; Bhowmik and Chakrabarti , 2002). Fish 
grown in waste-fed aquaculture can be decontaminated through a 
process called depuration. In this process fish are held in clean-
water for specific period of time for removal of objectionable odours 
and pathogens, and provide fish acceptable for market. Depuration 
is widely practiced with shellfish for reducing bacteria and pathogen 
levels (Richards, 1988). Balasubramnian et al. (1992) found 
depuration as a good method to reduce bacterial load of the fish 
grown in sewage. They also found bacterial load can be completely 
eliminated in curry preparation. Bhowmik et al. (2000) and Sarkar 
et al. (2000) have also studied bacterial flora of fish grown in sewage 
water. 
Considering the vast availability of the domestic garbage and 
sewage, which otherwise considered as wastes, and potentials of 
fish culture practices for their utilisation, it was proposed to 
evaluate the possibilities of recycling the composted domestic 
garbage and sewage from institute's housing colony. The present 
study is an attempt to utilise the composted domestic garbage 
collected from 110 quarters of the Central Institute of Freshwater 
Aquaculture (CIFA) campus, Kausalyagang, Bhubaneswar, Orissa, 
India for fish culture and evaluating their efficacy for freshwater 
fish production. The study also intended to evaluate the production 
efficiencies under different waste recycling aquacul ture systems. 
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which could be used further to make mathematic models. Public 
health being another concern in waste-fed aquaculture, a study on 
depuration of bacterial load of the fish grown in sewage was also 
carried out. With many housing complexes coming up in most of 
the metropolitan cities, the present study expected to provide 
valuable information for proper disposal and recycling of domestic 
garbage and sewage. 
2 . REVIEW O F LITERATURE 
2.1 WATER QUALITY 
2.1.1 Temperature 
Water temperature is one of the major factors influencing 
abiotic and biotic processes in aquatic ecosystem. High 
temperatures indirectly influence dissolved oxygen content of the 
water, oxygen consumption of biota and mineralisation of organic 
substances (Hora and Pillay, 1962). Rates of chemical and biological 
reactions double for every 10°C increase in temperature (Boyd and 
Pillai, 1984). The role of temperature in determining the 
productivity of the aquatic system has been well established 
(Vijayaraghavan, 1971; Ali and Khan, 1978; Datta et al, 1984). It 
also plays an important role in nutrient transformations (Craig ei 
al, 1980). Relationship between temperatures and Biological oxygen 
demand of livestock wastes was studied by Lai and Kapur (1988). 
Oscillating relationships between air and water temperatures have 
been observed in many freshwater habitats of India (Indira, 1980; 
Anantharaman, 1982; Purushothman, 1985). Battish and Kumari 
(1986) have correlated water temperature variations with 
zooplankton population densities, while Ohyma et al. (1988) 
correlated temperature and chlorophyll contents in lakes. 
2.1 .2 Transparency 
Transparency of water can be used as a reliable index of 
productivity (Steeman-Nielsen, 1957; Hutchinson, 1975). Aquatic 
ecosystem exhibits seasonal variations in penetration of light 
(Sorokin et al, 1991). In general, there is an inverse relationship 
between transparency and primary productivity as reported by 
Khatri (1984) and Saran and Adoni (1985). The transparency is 
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influenced by the presence of planktonic organisms in addition to 
suspended organic particulate and colloidal organic matter 
(Schwoerbel, 1987). 
2.1.3 Dissolved Oxygen 
Dissolved oxygen is an important parameter for productivity 
evaluation, as it indicates the net outcome in terms of production, 
consumption and decomposition processes. Dissolved oxygen is the 
most important environmental parameter that exerts tremendous 
impact on growth and production (Mohanty, 1995; Rout, 1995; 
Aravindakshan et al, 1997) through direct influence on the 
improvement of environmental conditions, and also effects on feed 
consumption and metabolism. The pond water receives oxygen 
mainly from two sources i.e., by absorption from the atmosphere 
and photosynthesis by phytoplankton and other aquatic plants. 
Oxygen budgets in water bodies have been studied by Khatri (1984) 
and Nayak and Mondal (1990). Guerrero et al. (1983) have observed 
that high input of cow manure reduces the oxygen contents in 
aquatic system. The positive correlations of dissolved oxygen 
contents and primary production have been described by several 
workers (Datta and Bandopadhyay, 1982; Datta and Choudhuri, 
1984; Lucas et al, 1988 and Kumari et al, 1991). Dissolved oxygen 
levels above 3 mg/1 are considered to be essential for fish and other 
aquatic lives (Banerjea, 1967). However, super-saturation of 
dissolved oxygen sometimes has also been found to be lethal to fish 
fry during rearing in nursery ponds (Alikunhi et al., 1951; Banerjea, 
1967). Goossens et al. (1986) have observed the sediment nutrient 
release influenced by dissolved oxygen content in addition to water 
temperature. Okpokwasili and Olisa (1991) recorded negative 
correlation between bacterial populations and dissolved oxygen. 
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2.1 .4 pH 
Among the various physico-chemical parameters, pH 
functions as an indicator of productivity s ta tus of ponds. Waters 
having pH range of 6.5 to 9.0 are most suitable for pond culture 
and those having pH values more than 9.5 and less than 6.5 are 
unsuitable (Welch, 1952; Hutchinson, 1957; Swingle, 1967). 
However, Banerjea (1967) opined that water having pH range of 7.5 
- 8.5 could be considered favourable for optimum production. 
Significant relationship between pH and productivity has also been 
reported by several workers (Seenayya, 1971 & 1972; 
Purushothaman, 1985; Ayyappan, 1987). Saran and Adoni (1985) 
observed an insignificant inverse relationship between pH and gross 
primary production during rainy season and a weak positive 
relationship during winter months. Bhatt and Negi (1987) correlated 
different physico-chemical parameters including pH with 
phytoplankton populations in a subtropical pond. Sharma and 
Datta (1990) correlated growth of algal populations with variable 
pH. 
2.1 .5 . Carbondioxide 
Carbondioxide in natural waters is derived from various 
sources, viz., the atmosphere, respiration of animals and plants, 
bacterial decomposition of organic matter, and within the water 
itself in combination with other substances (Welch, 1952; Jhingran, 
1991). However, the free carbondioxide is usually present in low 
concentrations in pond waters due to its immediate utilization for 
photosynthesis or conversion into carbonate and bicarbonate 
fractions (Adoni, 1975; Saha and Pandit, 1985). Free carbondioxide 
is utilised either by phytoplankton for photosynthesis or converted 
into more stable bicarbonate and carbonate forms (Indira, 1980; 
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Sreenivasan, 1980; Saha and Pandit, 1985; Ayyappan, 1987). Adoni 
(1975) reported complete absence of free carbondioxide in a central 
Indian reservoir. Vijayakumar and Paul (1991) studied the diel 
variation of free carbondioxide in a freshwater tank and found 
significant correlation with productivity. 
2.1.6. Total Alkalinity 
Alkalinity or acid combining capacity of natural freshwaters is 
generally caused by carbonates and bicarbonates of calcium and 
magnesium. These along with dissolved carbondioxide in water form 
an equilibrium system, which is of primary importance in the 
ecology of the environment (Banerjea, 1967). Alikunhi (1957) 
suggested waters with alkalinity of over 100 ppm for higher 
production and Banerjea (1957) reported alkalinity of over 50 ppm 
to be conducive for fish culture. Boyd (1982) also observed the 
necessity of calcium and magnesium for fish culture. Choudhury 
and Ray (1991) explained the role of alkalinity along with 
temperature and pH on pond productivity. Adoni (1975), Wetzel 
(1983) and Datta and Choudhuri (1984) reported an inverse 
relationship of alkalinity with primary production, while Ali and 
Khan (1978) and Ayyappan and Gupta (1985) recorded positive 
correlations. Seasonal variations of total alkalinity in carp 
polyculture system were analysed by Almgren et al. (1985) and J a n a 
and Barat (1992). Relationship of alkalinity with fish production in 
sewage-fed ponds and other waste recycling ponds have been 
studied by several workers (Sarkar et al, 2000; Datta et al, 2000; 
Das and Panigrahi, 2000; Das and Datta, 2000). 
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2.1.7. Hardness 
Hardness is mainly caused by calcium and magnesium ions 
present in the water expressed as CaCOa equivalent. Prasad et al. 
(1985) reported higher values of hardness in summer months than 
in monsoon in freshwater ponds. Contrary to these observations, 
Saha and Pandit (1985) recorded lower values in summer and 
higher values in winter. Basheer (1991) found inverse relationship 
between hardness and primary production in freshwater ponds 
receiving sewage effluents. Similar observations have also been 
made earlier by Ayyappan and Gupta (1985). Hora and Pillay (1962) 
advocated slightly hard water to be essential for fish culture. Small 
amount of calcium and magnesium are necessary for fish culture 
and hardness above 20 mg/1 is better in the ponds for good 
production (Boyd, 1982). 
2.1.8 Inorganic nitrogen 
Ammonia is generated in the pond water as a product of 
decomposition of organic matter by bacteria and fish metabolism. 
Nitrogen in the form of ammonia is readily available for the 
autotrophs in manured ponds. When other sources of nitrogen are 
exhausted it provides source of recycled nitrogen for enhanced 
growth of plankton (Goldman and Home, 1983). The mechanism of 
ammonia transformation in fish pond has been discussed by Van 
Rijn and Shilo (1986). Seasonal variations in ammonia 
concentration in ponds have been discussed by Elliott et al (1983) 
and Harris et al. (1990). Higher concentrations of ammonia during 
dry summer were recorded by Okpokwasili and Olisa (1991). The 
variations in ammonia levels with reference to pH and dissolved 
oxygen were studied by Van Rijn and Shilo (1986) and Haque 
(1991). Ammonia in sewage-fed ponds in relation to treatment of the 
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sewage sind fish production has been studied by several workers 
(Mishra, 2000; Sarkar et al, 2000; Datta et al, 2000). Negative 
correlations between ammonia concentration and primary 
productivity were observed by Khan and Siddiqui (1971) and Ali and 
Khan (1978). However, Goldman and Home (1983) opined that it is 
one of the available forms of nitrogen causing rapid phytoplankton 
growth when other forms of nitrogen are exhausted. Basheer (1991) 
did not find any relationship between ammonia and primary 
productivity in a sewage-fed freshwater pond at Aligarh, India. 
Nitrite is the intermediate form of nitrogen which may be 
reduced to ammonia or oxidised to nitrate depending on pH, 
dissolved oxygen and other chemical characteristics of water. Elliott 
et al. (1983) and Narasimham (1985) studied seasonal variations in 
nitrite-nitrogen concentrations of different water bodies. Higher 
values of nitrite-nitrogen concentration in catfish culture ponds and 
carp polyculture ponds were observed by J a n a and Barat (1992). 
The environmental conditions that cause high ammonia 
concentrations may also cause increase in nitrite levels up to toxic 
levels (Anthonisen et al, 1976). The intermediate product of 
bacterial nitrification, the nitrite is highly toxic to aquatic animals 
(Russo et al, 1974). 
Nitrate is the most stable form of nitrogen, which can easily 
be taken up by algae and thus helps in enhancing primary 
production (Hutchinson, 1957; Goldman and Home, 1983; Henry 
and Tundisi, 1983; Takamura et al, 1992). Banerjee and Lai (1990) 
reported that pond water containing more than 1.0 ppm of nitrate-
nitrogen is considered to be ideal for optimum fish production. 
Studies regarding nitrogen analysis in different types of water 
bodies were made by Okpokwasili and Olah (1991). J a n a and Patel 
(1990) observed that seasonal changes in the rates of nitrate 
17 
reduction in the ponds are dependent upon the concentrations of 
dissolved organic matter and denitrifying bacterial populations. 
Radheyshyam and Naik (1992) reported a negative correlation 
between Nitrate-nitrogen and gross primary production. Relations 
between Nitrate-nitrogen and nitrifying bacteria in combined 
intensive-extensive system were studied by Diab et al. (1990). 
Sarkar et al. (2000) and Datta et al. (2000) studied the Nitrate-
nitrogen in sewage-fed fish ponds in relation to bacterial activity 
and fish production. Ayyappan (2000) studied the reduction of 
nitrate in duckweed and fish culture based sewage treatment 
system. 
2.1.9 . Phosphorus 
Phosphorus is another important nutrient essential for the 
growth of plankton and aquatic productivity (Zaiss, 1984; Edington 
and Brooks, 1991; Pandey et al, 1992; Currie and Kalff, 1994). The 
role of nutrients, particularly phosphorus, in regulating algal 
biomass and stimulating blooms is well established by VoUenweider 
(1969) and Schindler (1977). Khan and Qayyum (1966) reported a 
positive significant correlation between phosphate-phosphorus and 
primary productivity, while Ali and Khan (1978) did not record such 
a specific relationship. Zutshi et al. (1984) and Nakanishi et al. 
(1986) recorded positive relations between phosphate 
concentrations and phytoplankton biomass. Saha and Pandit 
(1985) observed higher variations of phosphate-phosphorus 
contents in a shallow pond. Basheer (1991) did not find any 
relationship between phosphate phosphorus and primary 
productivity in a freshwater pond receiving sewage effluents. 
Nakashima and Legyett (1980) studied the role of fishes in 
regulation of phosphorus availability in ponds and Nakanishi et al. 
^1986) recorded positive relationship between phosphate 
concentrations and phytoplankton biomass. Khatri (1984) also 
observed a positive relation of phosphates with diatoms during 
summer. Ayyappan (2000) studied reduction of the phosphorus in 
sewage effluents in duckweed treated sewage-fed ponds. 
Relationship between phosphorus and fish production was studied 
by Sarkar ef al (2000) and Datta et al (2000). Colman and Santha 
(1988) have correlated periphyton biomass to a lesser extent with 
total phosphorus concentration in waters than did the 
phytoplankton biomass. 
2.2 Primary production 
Studies on primary production in aquatic habitats have been 
made by several workers (Wetzel, 1973; Anderson, 1974; 
Ragothaman and Reddy, 1982; Eloranta and Salminen, 1984; 
Adholia, 1992). Sreenivasan (1964) and Rott (1981) observed an 
annual single peak in primary production, whereas multimodal 
variations in primary production were recorded in different habitats 
by Kannan and Job (1980), Purushothaman (1985), Mehra (1986) 
and Tomec et al. (1989). Khan and Siddiqui (1971) and Bhunia and 
Choudhury (1982) recorded high rates of primary production in 
Indian ponds during winter season and attributed the same to 
nutr ient addition. On the other hand Armstrong et al. (1966) and 
Mathew (1975) observed high productivity during summer, largely 
due to primary production of periphyton. Primary productivity 
studies were also carried out in organic and inorganic manured fish 
ponds by several workers (Noriega-Curtis, 1979; Zur, 1981; Yusoff 
and McNabb, 1989; Ayyappan etal, 1991; Llorens et al, 1993). 
2.3 Plankton 
Plankton form the basic link of food chain in aquatic 
ecosystem and, therefore, any scientific utilisation of water resource 
needs a thorough knowledge of distribution of plankton in time and 
space and the environmental conditions, which regulate its 
abundance. The phytoplankton population in lakes and ponds have 
been extensively studied by several workers for their dynamics, 
composition and succession (Munawar and Munawar 1976; 
Ayyappan, 1977; Radheshyam et al, 1985; Radheshyam, 1990; 
Ayyappan et al, 1992; Pandey et al, 1995). Zooplankton occupying 
the second stage in the food chain of aquatic environment to play a 
key role in the consumption of food synthesized by phytoplankton 
and transferring to the higher trophic s ta tus . Studies on 
zooplankton of freshwater ponds and lakes have been made by 
several workers (Radheshyam, 1991; Ayyappan and Tripathi, 1991; 
Pandey et al., 1995; Singh, 2000). 
A positive correlation between primary production and 
plankton population was recorded by Arvola (1983) in lakes. 
Riemann (1983) compared phytoplanktonic primary production 
with that of bacterial production, as seen in secondary production. 
The productivity of autotrophic or heterotrophic picoplankton was 
recorded by Happy and Lund, 1994; Maria et al, 2003). Water 
quality parameters with reference to gross primary production rates 
were studied by Ali and Khan (1978), Brylinsky (1980), Diana et al 
(1991) and Singh and Handoo (1991). High algal populations 
causing high production rates were observed by Weber (1963) and 
Hecky and Fee (1981). Vijaya Kumar and Paul (1991) observed 
distinct fluctuation in the rates of gross and net production and 
utilization of organic matter during respiration. Szyper et al (1992) 
recorded community respiration to the extent of 65-70% of gross 
production. Taniguchi (1981) observed primary production 
controlling zooplankton production. Tolbert (1974), Overbeck (1979) 
and Li and Deckee (1990) found positive relationship between 
primary production and bacterial production, while negative 
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relationship was found by Stewart and Daft (1976 85 1977). Diurnal 
variations in primary production rates in different water bodies 
were studied by Ayyappan et al. (1988), Roos and Pieterse (1992) 
and Thajuddin and Subramaniam (1992). The primary production 
and trophic efficiencies have been used both to denote the 
productivity s ta tus of water and predict fish yield (McConnel et al, 
1977; Hecky et al, 1981; Liang et al, 1981; Natarajan and Pathak, 
1983). Bhanot et al (1991) and Tripathi et al (1993) studied 
plankton dynamics in organically manured fish culture ponds in 
relation to productivity. Radheshyam and Naik (1992) reported 
correlation between phytoplankton and primary productivity in a 
newly constructed pond in a swampy area. Naskar and Naskar 
(1978) studied primary productivity of plankton in a sewage-fed 
pond. 
2.4 Energy flow and Production efliciencies 
Energy flow through entire communities are relatively less 
compared to energetics of single species (Waters, 1977). Vass et al 
(1988) studied the yearly average phytoplankton photosynthetic 
efficiency in a Kashmir Himalayan lake and reported as 0.31%, with 
the range being 0.067 to 0.13%. Further, trophic level conversion 
efficiency between phytoplankton photosynthesis and fish 
production was estimated as 0.082%, whereas, efficiencies for other 
systems in the valley ranged between 0.019 and 0.036% (Vass, 
1982). Sreenivasan (1972) recorded photosynthetic efficiency levels 
of 1.5% and 0.17% for Lakes, Ooty and Kodai, respectively. The 
corresponding plankton to fish production efficiencies were 0.11% 
and 0.44%. Mathew (1975) recorded a primary production efficiency 
of 0.07% for lake Govindgarh, and Pathak (1979) reported 
production efficiency of 0.02% for a tropical reservoir. Energy flow 
through detrital food chain has been worked out by Wetzel (1995). 
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Energy flow patterns, the primary production and fish 
production efficiency have been used both to denote the 
productivity s ta tus of water bodies and to predict the fish yields 
(Natarajan and Pathak, 1983). Though not much attention has been 
paid on these aspects in Indian waters, scattered data is available 
as regards to photosynthetic efficiencies and relations between 
primary production levels in ponds, lakes and reservoirs 
(Sreenivasan, 1965 & 1972; Mathew, 1975; Pathak, 1979 Ss 1989; 
Singh and Desai, 1980; Natarajan and Pathak, 1983 & 1985; 
Mehra, 1986; Olah et al, 1986; Vass, 1988). Haniffa and Pandian 
(1978) studied the primary productivity and energy flow in a 
tropical pond, Pond Idumban, near Palani, Tamil Nadu and 
reported 1.26% as total photosynthetic efficiency and 0 .71% as net 
productivity efficiency. Haniffa and Pandian (1980) have reported 
gross production efficiency of macrophytes as 1.37% and net 
production efficiency as 0.77% in pond Veeran, Tamil Nadu. 
Natarajan and Pathak (1987) reported photosynthetic 
production efficiency and fish production efficiency from four 
reservoirs of India. They reported photosynthetic production 
efficiency of 0.412%, 0.290%, 0.202% and 0.682% for 
Bhavanisagax, Nagarjunasagax, Rihand and Govindsagar reservoirs, 
respectively with corresponding fish production efficiency of 0.29%, 
0.055%, 0.034% and 0.2% of photosynthetic energy. A production 
efficiency of 0.56% was reported from Keetham lake by Kolekar and 
Singh (1999). The fish production efficiency for this lake was 0.72% 
of the photosynthetic production. Ayyappan et al. (1990a) reported 
a photosynthetic efficiency of 1.07% in a tropical lake in Karnataka 
and fish production efficiency 0.52% to photosynthetic production. 
Information on photosynthetic efficiencies and relations between 
primary production to fish production in aquacul ture ponds are 
limited (Noriega-Curtis, 1979; Ram et al, 1982; Mehra, 1986; 
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Ayyappan, 1987; J a n a and De, 1988). Sarangi (1983) observed high 
efficiency values during summer months and lower levels during 
monsoon and pre-monsoon months in sewage-fed ponds. Ayyappan 
et al (1990b) studied the production efficiencies of carp culture 
ponds under different management practices in CIFA fish farm. 
They recorded a photosynthetic efficiency of 0.32 to 3.77% in eight 
different treatments using organic and inorganic manures . 
Radheshyam and Naik (1992) reported a highly variable 
photosynthetic production from a newly constructed pond for two 
years. Tripathi et al. (1993) studied the production efficiencies of 
biogas slurry treated ponds in CIFA fish farm which varied from 
0.5-1.2% in four different treatments. The fish production efficiency 
to photosynthetic production was in the range of 3.34-4.29%. 
2.5 Usage of organic manures and compost 
The works on organic manures, including livestock manure, 
h u m a n excreta, crop wastes and industrial organic wastes and their 
efficient utilisation for crop production was reviewed by Garg et al. 
(1971). The night soil can be mixed with other materials in a biogas 
plant or it can be used as a raw material in a compost plant. During 
the composting process, most disease-causing organisms that may 
be present in the night soil are destroyed. The resulting compost is 
a humus-l ike material with good soil-conditioning properties as it 
contains many nutrients and minerals essential for plant growth 
(Obeng and Wright, 1987). 
Several European countries, most notably Holland (Oosthoek, 
1981), Austria (Ingerle, 1978) and Germany (Tabasaran, 1976) have 
a long history of refuse composting. Methods of preparing refuse for 
composting have been described by several workers (Rabbani et al, 
1983; Savage and Golueke, 1986). Co-composting now is a viable 
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alternative in many developing countries where great concern exists 
about the large amounts of garbage and poorly disposed and 
treated human wastes that are being produced in urban areas. 
These waste materials can be reused and recycled through 
composting to improve the urban environment and to increase the 
quality and productivity of soils (Obeng and Wright, 1987). The 
term co-composting means the composting of two or more raw 
materials together. In case of human waste and garbage (the 
organic part of refuse), this kind of composting is advantageous 
because the two waste materials complement each other well. The 
human waste is high in nitrogen content and moisture and the 
garbage is high in organic (carbon) content and h a s good bulking 
quality. Furthermore, both these waste materials can be converted 
into a useful product. 
The most important use of compost is its application to land. 
This takes several forms: it can be applied to land as a fertilizer, soil 
conditioner, or can be used as a means of land reclamation. 
Furthermore, use of compost can range from domestic applications 
by the home gardener to large-scale applications by commercial 
farmers to their cropland or by municipalities for parklands. The 
application of compost has several advantages. Its positive effects 
on plant growth, fruit, crop yields, and other factors compared with 
the effects of fertilizers alone, are well documented (Arditti 1973; 
Hornick et al, 1979; Angle et al, 1981; Sridhar et aL, 1985). Its 
advantages over inorganic fertilizers lie in its effects on soil. In both 
cases, the quality of the soil is improved and it is more productive. 
Compost may not only amend the physical properties of the soil, 
but it may have other beneficial effects, such as raising the pH of 
acid soils. Production of compost may he of great interest, especially 
in countries with arid soils. Compost from night soil and vegetable 
matter has been used in fish farming experiments, where the 
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compost has acted not only as a nutrient for the growth of algae but 
also as fish feed (Polprasert et al, 1982). 
A well-produced and mature compost is free from odour and 
easy to handle, store, and transport. Raw compost (one that has not 
matured) does not have these qualities, but acquires them with 
time, if it is allowed to mature. Mature compost contains trace and 
essential elements, of which the most important are nitrogen, 
phosphorus, potassium and sulphur. These are available to the soil 
and plants, depending on their initial concentrations in the raw 
compost materials and degree of mineralisation that occurs (Tester 
et al, 1980). These elements are released by the compost and 
become available in the years following application. Compost can, 
therefore, be used in somewhat same way as an inorganic fertilizer. 
As a result, compost is often considered as a low analysis fertilizer 
or soil conditioner (Golueke, 1972; Hand et al, 1977; Parr et al, 
1978). However, the NPK values (and other mineral content) of 
compost can be fortified with chemicals to enhance its fertilizing 
capacity (Hileman, 1982). Unlike inorganic fertilizers, compost has 
h u m u s like quality that makes it even more useful, especially in 
areas where the h u m u s content of soil is being rapidly depleted as a 
result of excessive cultivation and land erosion (Tietjen, 1975; 
Pagliali et al, 1981). 
The use of green manure and compost are traditional 
practices in severed countries (Edwards et al, 1983a). The growth of 
plankton was stimulated in Israeli fish ponds by application of farm 
yard manure and compost (Hickling, 1971). Singh (1952) reported 
use of compost in fish ponds as an organic fertiliser to raise the 
production of plankton. In China several types of compost have 
been developed for fish culture involving various ratios of green 
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grass, various types of live stock and human manures (Colman and 
Edwards, 1987). 
Use of the organic manure to fertilise fishponds has been 
reported in many parts of the world (Wynarovich, 1979; Ayinla et 
al, 1994). Use of organic manures in aquaculture is in vogue in 
India over decades (Kapur, 1981, 1984 86 1987; Ram et ai, 1982; 
Markanday and Saran, 1991; Das et al, 2002). In India, cattle 
manure has been extensively used for fertilizing nursery, rearing 
and grow-out carp culture ponds (Alikunhi, 1957; Sharma, 1974; 
Jhingran, 1991). Integrated fish farming with pig and duck has also 
been evaluated by Sharma et al. (1979 a & b). Use of processed 
organic wastes in aquaculture was relatively recent origin (Tripathi 
et al, 1991 & 1993). Use of compost, derived from domestic 
garbage, in nursery and rearing ponds of major carps was also 
studied by Bhanot et al (1991). Prasad et al (1993) studied about 
the growt of Indian major carps utilising biogas slurry. Das (1995) 
studied microbial ecology and biological productivity of fish ponds 
using biogas slurry. 
2.6 Sewage treatment 
2 .6 .1 . Aquatic weed based treatment 
Sewage or wastewater is a black coloured foul smelling fluid 
containing organic and inorganic solids in dissolved and suspended 
forms (Ghosh et al, 1985). The quality of sewage of different cities 
were reported by a number of researchers viz., at Calcutta 
(Sharbani et al, 1994; Som et al, 1994), Delhi (Dakhini and Soni, 
1979), Agra (Sharma et al, 1981) and Allahabad (Agarwal and 
Srivastava, 1984). Domestic sewage when discharged into water 
bodies affects the physico-chemcial and biological characteristics of 
receiving systems (Shetty et al, 1988; Smith, 1994). The effects of 
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sewage pollution disturbing the abundance and distribution of 
aquatic organisms are used as biological indices to monitor the 
ecological imbalances caused by raw effluents (Ansari et ai, 1984). 
Direct use of untreated sewage is generally associated with three 
types of hazards, viz., transmission of disease into food chain, 
health hazard of handling untreated sewage in the irrigation 
process and possible damage to soil through salinity and alkalinity 
(Paul, 1988). Hickely et al. (1989) observed effluent characteristics 
of sewage oxidation ponds to be varying significantly between ponds 
and with the time. Phosphates in wastewater are thought to be 
responsible for proliferation of unicellular algae which interfere in 
the water treatment process. Synthetic detergents impair the 
growth and reproductive capacity of fishes, as they are absorbed 
into the body system, being more toxic than oil and grease (Jobling 
and Sampter, 1993 and Parameswaran, 1995). 
Along with the Biological oxygen demand (BOD), attention is 
being given to nitrogen oxygen demand (NOD) in assessing the 
quality of waste water (Chattopadhyay et al, 1988). Out of the 
different forms of the nitrogen, the concentration of soluble NH3-N 
is important, as it is readily available for cellular synthesis and 
nitrification. Accumulation of inorganic nitrogen in wastewater is 
one of the major problems in intensification of aquaculture 
practices. Ammonium-nitrogen causes oxygen demand on the 
receiving water bodies while both ammonia and nitrate promote 
eutrophication (Applegate et al, 1980; Avault, 1993). Dumping of 
domestic sewage, leaching from urban wastes, agricultural and 
forest practices contribute to eutrophication by nitrogen and 
phosphorus (Gomez et al, 1995). 
Gill hyperplasia is reported as a specific effect of ammonia 
poisoning, but not caused by unionized ammonia (Maeda, 1985). In 
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ground waters, ammonia is converted to nitrate and have negative 
effects when used for human consumption (Pal, 1983; Lamely et al, 
1985). Macrobenthic enrichment in the intertidal zone of the beach 
receiving sewage was reported by Shetty et al. (1988). The toxic 
effects of raw sewage on different groups of zooplankton indicate 
that zooflagellates and chaetognaths are most sensitive, whereas 
copepods, ctenophores and mysid are the most resistant group in 
acute toxicity test (Gajbhiye et al, 1987). Acute toxicity of domestic 
wastewater on different fish species has been studied by several 
workers (Gill and Toor, 1975; Alokkar and Belsare, 1981; and 
Sarkar et al, 1993). Ghosh et al (1988) worked out the 96 h LC50 
values for fry of common carp, Cyprinus carpio and found it to be 
34% of domestic wastewater. Lower ranges of 96 h LC50 values (31-
33%) were reported for fry of Labeo rohita by Sarkar et al (1993). 
They also reported that the fish tilapia, Oreochromis mossambicus, 
is comparatively more resistant than other fish species for domestic 
wastewater. From their studies it was evident that treatment of the 
domestic sewage is must be done before taking up into the fish 
ponds. 
As the urbanisation is increasing year by year, the quantity of 
sewage is also increasing, which need a practical and economically 
feasible means of treatment (Sreeramulu, 1994; Matilla, 1997). 
Mara et al (1992) proposed a design of wastewater fed fish ponds 
for the minimal treatment in one day anaerobic pond followed by 
five days facultative pond prior to discharge into fish pond. 
Biological treatment of domestic sewage aims at coagulating the 
non-settleable solids and stabilize organic materials (Harremois et 
al, 1991; Paul et al, 1991; Asano and Akega, 1993). Major 
biological processes used in sewage treatments are based on 
aerobic process, anaerobic process, anoxic process and combination 
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of aerobic and anaerobic process (Laak, 1981; Kuenzler, 1988; 
Kuba etai, 1993). 
In most of the cases stabilization/oxidation pond method of 
treatment is followed for fish culture. Stabilisation ponds are mainly 
classified into three groups, anaerobic ponds, oxidation ponds and 
aerated lagoons. Ponds in which stabilization of wastes is brought 
about by combination of aerobic and facultative bacteria are known 
as facultative lagoons (Hosetti and Patil, 1991). There are three 
zones in facultative ponds idz., i) surface zone where aerobic 
bacteria and algae exist in symbiotic relationship; ii) intermediate 
zone which is partly anaerobic, in which decomposition of organic 
waste is carried out by facultative bacteria; and iii) bottom zone 
where accumulation of solids known as sludge are actively 
decomposed by anaerobic bacteria (Ahmed and Chugatai, 1981; 
Mara, 1997). 
Studies on single cell and series stabilization ponds have 
shown considerable reduction in BOD, total nitrogen, phosphorous 
and conforms during the process of treatment (Rao, 1983). The 
pathways and mechanisms responsible for nitrogen losses are algal 
uptake, ammonia volatilization, nitrification-denitrification, 
retention in benthic sludge and ammonia adsorption, which further 
depends on pH, temperature and retention time in a stabilization 
pond (Reed, 1985; Azov et al, 1995; Gomez et al, 1995). Multi-
stabilisation ponds treating municipal sewage demonstrated 
reduction of BOD, phosphorous, sulphate, ammonium, chloride, 
total solids and hydrogen sulphide in the final effluent (Patil et al, 
1983). A pilot study on waste stabilisation ponds in subtropical 
regions showed a removal efficiency of 99.9% for coliforms and 
faecal streptococci (Khan and Ahmed, 1992). Gharabi et al. (1993) 
reported average reduction levels of 72% BOD, 65% COD, 50% 
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ammonium-N, 99% of total coliforms and 99.9% total faecal 
streptococci in a series of four pilot scale stabilisation ponds. 
In a large wastewater stabilisation pond system, the faecal 
coliforms reduction rate increased with increasing water 
temperature, solar radiation, pH and reduction in total BOD and 
surface organic loading (Pearson et al, 1987; Saqqar and Pascod, 
1992; Rangeby et al, 1996). Ouazzani et al (1995) observed that 
macrophytes ponds were more efficient in reducing organic loads as 
compared to nutrient removal. Comparative studies of series and 
single stabilisation ponds involving wastewater treatment and reuse 
in pisciculture ponds showed that series ponds are better in 
nutrient utilisation than single pond system (Govindan, 1989). 
Belsare and Belsare (1987) suggested that high rate of oxidation 
ponds are suitable for the recovery of nutrients from domestic 
sewage. Heterotrophic microorganisms, dominated by bacteria and 
fungi, are responsible for breakdown of organic matter by biological 
oxidation (Kondratieff and Simmons, 1982). 
Treatment of domestic sewage using aquatic plants was 
reported by several workers (Shivaraman and Parhad, 1984; Naskar 
and Saha, 1987; Govindan, 1989; Yeoh, 1994; Lewis, 1995). 
Aquatic macrophyte based treatment system consisting of mono or 
polyculture of vascular plants in shallow ponds receiving sewage 
effluents, remove the contaminants depending on the characteristic 
of waste (Reddy and DeBusk, 1987). The species used for sewage 
treatment include Eichhomia crassipes Pistia stratiotes, Saluinia 
rotentifolia, Elodia canadensis, Hydrilla vericellata, Typha latifolia, 
Saluinia molesta, Hydrocotyle umbellate (DeBusk and Reddy, 1987; 
Lai, 1991). Karpiscak et al (1996) reported that use of aquatic 
plants reduced BOD and nitrogen to a considerable level and also 
pathogens. Dubois (1989) reported maximum uptake of macro-
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elements by rooted aquatic macrophytes under natural and 
artificial conditions. 
Feasibility of aquatic macrophytes based wastewater 
treatment system examined by Paul et al (1991) showed an average 
reduction of 90% BOD, 75% ammonia, 47% total nitrogen and 38% 
total phosphorus, which was correlated to plant biomass and 
productivity. Possibility of using plants as biological filters for waste 
purification through removal of heavy metal cycling has been 
studied from ponds filled with treated water (Rod and Antonii, 1982; 
Ozimek and Renman, 1995). Sen and Mandal (1987) observed the 
aquatic plant Salvinia nutans to be useful for maximum removal 
and uptake of copper upto 90% within a day. 
Bucksteeg (1987) and Krishanti et al. (1996) reported that 
treatment of wastewater using water hyacinth produce advanced 
secondary effluents in a lagoon system. Similar studies were also 
made by Reddy and Shutton (1984) and Yaoh (1994). Water 
hyacinth is effective in removing algae, faecal coliforms, suspended 
particles, trace metals, organic and other dissolved impurities from 
wastewater (Gupta, 1980; Ayyappan et al, 1987). Water hyacinth is 
used as a nutrient extractor from eutrophicated and wastewaters 
proving to be efficient due to growing rate and larger size for effluent 
treatment (Balakrishnan and Gunale, 1979; DeBusk et al, 1983). 
Tripathi et al (1991) reported an overall reduction of BOD (96.9%), 
suspended solids (78.1%), phosphate (89.2%), nitrate (68%) and 
coliforms (99.2%) with an increase in dissolved oxygen 
concentration (70%). Similar observations were also made by 
Tripathi and Shukla (1991). 
Duckweeds, consisting of four genera viz., Lemna, Spirodela, 
Wolffia and Wolfiellla, are widely used in t reatment of domestic 
31 
sewage, and sewage serves as good culture medium for duckweed 
growth (Naskar et al, 1986; Edwards et al, 1992). Duckweeds are 
able to grow successfully on wastewater and convert the degradable 
pollutants into useful materials. Duckweeds naturally grow on 
sewage water (O'Brien, 1981; Mbagwk and Adenji, 1988; 
Manimaran et al, 1997) on livestock waste and biogas slurry (Chen 
et al, 1995; Jebanesan, 1997), on anaerobic water (Wolverton and 
McDonald, 1979) and water bodies polluted with detergents (Oron, 
et al, 1988). Mishra (2000) studied extensively the utilisation of 
duckweeds in treatment of city sewage of Cuttack and utlisation in 
fish ponds before discharging into the natural waters. Ayyappan 
(2000) observed a reduction of 60-80% BOD, 50-60% total bacteria, 
70-100% total coliforms and 80-100% faecal streptococci in a series 
of sewage ponds treated with duckweeds. 
2.6 .2 . Fish culture in sewage 
Fertilisation of fish ponds with domestic sewage for enhanced 
aquacul ture production is a long tradition in many countries 
(Depauw and Salmoni, 1991). Recycling of sewage effluents for fish 
pond fertilisation is an age-old practice (Gosh et al, 1985; 
Upadhyay et al, 1988; Jhingran and Ghosh, 1988 a & b; Ali et al, 
1990; Edwards, 1996 a & b; J a n a and Datta, 1996; Jana , 1998). It 
is being practiced in Egypt (Abdel-Ghaffar et al, 1988), Bangladesh 
(Olah, et al, 1988), Germany (Prein, 1988), United States of 
America (Gerhardt and Oswald, 1988), Israel (Schroeder, 1988), 
Hungary (Olah, 1988) and Vietnam (Edwards, 1996 a & b). In India, 
West Bengal (Calcutta) is famous for economically feasible sewage-
fed fisheries utilising the sewage covering over an area of 3000 ha 
(Paul, 1988; Edwards, 1993a). In India, sewage treatment and 
utilisation ponds are operated in number of states such as 
Maharashtra (Krishnamoorthi, 1988), Bihar (Candra and Sinha, 
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1988), Tamil Nadu (Prabhavathy, 1988), West Bengal (Ghosh, 1988) 
and Madhya Pradesh {Dubey and Chatterjee, 1988). Earlier works 
of recycling sewage into fish culture from other places of India 
include Raipur (Chatterjee et ai, 1967), Nagpur (Krishnamurthi and 
Abdullappa, 1979), Barrackpore (Ghosh et ai, 1973 & 1974) and 
Madras (Muthuswamy et al, 1978; Rajan and Raj, 1994 86 1997). 
Due to treatment effectiveness and potential for cost and energy 
savings, aquaculture process are favoured alternatives to 
conventional wastewater treatment facilities (Edwards, 1980; 
Prakash etal, 1990; Edwards 1992a; Reeding etal, 1997). 
Primary raw sewage, treated from treatment plants, provides 
supernatant liquid without sludge, is considered to be suitable for 
aquaculture (Ghosh et al, 1974). Waste stabilisation pond effluents 
are rich in nutrients that can be utilised for aquaculture in separate 
ponds (Rao, 1983; Belsare and Belsare, 1987). Das et al. (1991) 
utilised domestic sewage consisting of kitchen spent as fertilizing 
agent in the pond to raise Indian major carps. 
2.7 Production from waste / organic manured ponds 
Several workers studied the fish yield in waste utilisation and 
integrated aquaculture ponds in different countries. Ling (1977) 
observed a production of 3500 k g / h a / y r in duck-fish culture in 
Taiwan. In Israel, using cowshed manure, a production of 4900 
k g / h a / y r of carps was obtained by Hepher and Schroeder (1977). 
Buck et al (1979) reported a production of 4140 k g / h a / y r in 
polyculture ponds with catfish in pig-cum-fish culture in USA. Sin 
and Cheng (1976) studied the nutritional effects of duck droppings 
as fertiliser for fish ponds and compared the management 
techniques and economics of polyculture and duck-fish systems. In 
Hungary, high fish production up to 15000 k g / h a / y r was achieved 
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through utilising piggery waste and 2000 k g / h a / 5 months through 
duck-cum-fish farming (Woyanarovich, 1980 a & b). Djajadiredja 
and Jangkaru (1978) reported about different integrated farming 
systems in Indonesia, viz., sheep-fish, duck-fish, poultry-fish and 
crop-fish combinations. The fish yield combined with animal 
production averaged 6220 kg /ha /y r compared to 1310 kg /ha /y r 
when combined with crops. Djajadiredja et al. (1980) reported 
varied fish production from 500-1200 k g / h a / 4 months with 
integration of rice cultivation. In Philippines, the fish production in 
rice-fish farming ranged from 100-200 kg /ha / c rop (Dela Cruz, 
1980). 
Scheroder, (1977) studied the production potential of the 
ponds receiving cattle manure in Israel and found a production of 
over 30 k g / h a / d a y (10950 kg/ha/yr) . Production of 3000 to 4000 
k g / h a / 6 month was achieved with provision of loaded compost 
manure at the rate of 20-40 t / h a in Israel (Scheroder and Hepher, 
1979; Scheroder, 1988). In his studies, Wholfarth (1978) reported a 
production of 40 kg /ha /day from a pond, which received duck 
manure and unutilized duck feed. In integrated aquaculture with 
duck and poultry, a production about 8000 k g / h a / y r was achieved 
in Philippines (Maramba, 1978). Fish yields of 20 to 32.5 
k g / h a / d a y was reported by Buck et al. (1979) from a pig-cum-fish 
culture ponds in different seasons in Illinois. Cruz and Shehdeh 
(1980) recorded more than 7 1 % fish production in pig-cum-fish 
culture compared to inorganic fertilised ponds and a net yield of 
5000 k g / h a / 9 months in duck-cum-fish culture. Edwards et al. 
(1983b) reported an extrapolated yield of 3600 kg /ha /yea r of tilapia 
from a pond fed with compost made from night soil with chopped 
water hyacinth only. 
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In India, production of 4300 to 6800 k g / h a / y r was obtained 
by integrating ducks and poultry raised on pond embankments and 
excreta released to the ponds (Sharma and Das, 1988). Jhingran 
and Jhingran and Sharma (1980) reported a production of 6500 
k g / h a / y r in integrated fish farming in India. Markanday and Saran 
(1991) reported a production of 4780 kg ca rps /ha /yea r in a cattle-
shed-waste recycling pond. Das et al. (1991) obtained fish 
production of 1290 k g / h a / 6 month from rice-cum-fish culture 
through polyculture. Mohapatra and Mohapatra (1991) recorded a 
production of 3125 kg /ha /y r of carps from integrated ponds with 
ducks. Bhanot et al. (1991) reported use of domestic compost in 
nursery rearing of Indian major carps, but results were not 
encouraging. Efficacy of biogas slurry in carp production was 
studied by Tripathi et al. (1989) and they got production to the tune 
of 4550 k g / h a / y r in cowdung treated ponds, 2700 k g / h a / y r in 
water hyacinth based slurry treated ponds at the rate of 15 
t o n n e s / h a / y r and 3950 kg /ha /y r in slurry treated pond at the rate 
of 30 tonnes /ha /y r . Kumar and Rao (1989) recorded a production 
of 2500 k g / h a / y r in polyculture and 1100 k g / h a / y r in 
monoculture using chicken manure in Andhra Pradesh. 
2.8. Production from sewage aquaculture 
Utilisation of domestic sewage in fish culture started as early 
as 1900. In Hungary, more attention was focused at the oxidation 
fish ponds (Uhlmann, 1962). Kovacs and Olah (1984) had done a 
series of experiments for treating the sewage through aquaculture 
and optimising the load of sewage in aquaculture pond. They found 
application of sewage in fish pond at the rate of 100 m^/ha /day 
could yield 1800-2000 kg /ha / season and in this way domestic 
water produced by 800-1200 person/day can be purified in a one 
hectare pond area. Hickling (1971) reported a production of 3700 
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k g / h a / y r from polyculture ponds receiving sewage waters and 
production of 3000 kg /ha /y r from polyculture ponds receiving 
wastes from domestic septic tank, in Israel. Wolny (1967) reported a 
production of 1300 k g / h a / 6 month from carp ponds receiving town 
sewage effluents. A production of 2700 k g / h a / y r of Chinese carps 
in a sewage lagoon was reported by Henderson and Wert (1982) 
from USA. 
In India, Hora (1944) and Nair (1944) reported activities in 
sewage-fed fish culture and experimentally observed the potentiality 
of sewage-fed ponds for fish yield in larger quantity. A number of 
studies were carried out for the large-scale culture of Indian major 
carps, Chinese carps and catfishes in sewage-fed water bodies 
(Ghosh et ai, 1974; Krishnamoorthi et al, 1975; Naskar and Saha, 
1988; Govindan, 1989; Balasubramnyan et al, 1990). Sreenivasan 
(1959) recorded fish productions ranging from 1000-5486 kg /ha in 
fort moats in Thanjavur, Vellore, Chengalpet and Arni receiving city 
sewage. Saha et al. (1958) reported maximum production of 3119 
k g / h a / y r from wastewater pond of Calcutta, whereas Sreenivasan 
(1968) recorded maximum fish production from the sewage-fed 
moats at Webster to be as much as 5486 kg /ha /y r . According to 
Saha (1970) the sewage-fed fisheries in West Bengal gave an 
average estimated yield of 2225 kg /ha /y r . Ghosh et al. (1973) 
observed a very high production of 7676 kg /ha in seven months in 
a composite fish culture trial carried out in sewage-fed ponds. 
Ghosh et al. (1974) reported a production of carps as high as 13000 
k g / h a / y r using city sewage. Using sewage effluent alone, Clarias 
batrachus could grow up to 200 g in 100 days (Ghosh et al, 1976), 
which was higher over the growth of Clarias batrachus cultured in 
conventional method. Chaudhury (1976) recorded an average 
production level of 9000 kg /ha /y r with tilapia from a sewage fed 
pond in West Bengal. Muthuswamy et al. (1978) reported 
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production of 11 lonnes /ha /yr from a pond receiving sewage in 
Tamil Nadu. In his experiments, Krishnamoorthi (1988) recorded 
7000 k g / h a / y r production of common carp, Cyprinus carpio in the 
fish ponds fertilised with effluent from a stabilisation pond. 
Several workers studied the production potentials of sewage-
fed polyculture and recorded production of 4000-7000 k g / h a / y r 
(Ghosh et al, 1974; Jhingran and Ghosh, 1988 a fit b; Bhowmik et 
al, 1997). Jhingran and Ghosh (1988 c) reported a production of 
8600 k g / h a / y r in a polyculture pond using carps at the ratio of 
1.7:3.1:3.7:0.7:0.8 of catla, rohu, mrigal, silver carp and common 
carp, respectively, with a stocking density of 24000 /ha , loaded with 
partially-treated sewage. In another experiment they recorded a 
production of 7000 kg /ha /y r with the stocking density of 15000/ha 
in the ratio of 2.5:1.0:2.5:2.0:2.0 for catla, rohu, mrigal, silver carp 
and common carp, respectively. At the stocking density of 
10000/ha they further recorded production of 5400 k g / h a / y r with 
the same species and ratio. Ghosh et al. (1985) in a series of 
experiments on composite culture of Indian and exotic carps in 
sewage irrigated ponds achieved high production levels ranging 
from 5400 to 8620 kg/ha /yr , adopting high stocking densities of 
10000 to 24000 fmgerlings/ha. Biswas, (1986) reported a 
production of 3000-4000 kg /ha /y r by supplying sewage in 'Bheries' 
of Calcutta region. Chandra and Sinha (1988) reported production 
levels ranging from 5200 to 7900 kg/yr from a 2.2 hectare lake 
receiving sewage in Ranchi, Bihar. Prakash et al. (1990) recorded a 
production of 3500 kg /ha /y r carps and 600 k g / h a / y r prawns from 
a sewage-fed pond in Bombay. Chakrabarty (2002) reported a net 
production in the range of 4290-5415 k g / h a / y r in sewage-fed 
ponds at stocking density of 8000 fingerlings/ha. In experimental 
ponds using duckweed-based sewage treatment system for 
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aquaculture, production of carps varied from 4000 to 4600 
k g / h a / y r (Ayyappan et al, 2002). 
2.9. Bacterial coenosis in aquatic ecosystems 
Most important component of the microbial coenoses of 
aquatic ecosystems, involved in mineralisation of organic matter, is 
the heterotrophic bacterial community. The heterotrophic 
microorganisms are the key level at which the metabolism of the 
vv'hole ecosystem is affected, i.e. nutrient cycling, organic matter 
transformation and mineralisation and energy flow. There are 
several studies pertaining to the heterotrophic bacteria in 
freshwater ponds and lakes (Nicwolak, 1968; Olah, 1969; Jones , 
1971; Cohen et al, 1977; Dokulil and Anderson, 1977, Mason, 
1977; Gorlenko et al, 1978; Schroeder, 1978; Rai and Hil, 1982; 
Costa-Pierce and Laws, 1985; Sugita et al, 1985). The bacterial 
multiplication potential required to be estimated for a proper 
quantification of the productivity of bacterial biomass (Niewolak and 
Kaminska-Sinica, 1981). Pearson et al (1987) studied the 
parameters influencing faecal bacterial survival in waste 
stabilisation ponds. Bacterial flora of fish feeds and organic 
fertilisers for fish culture ponds in Ghana have been studied by 
Ampofo and Clerk (2003 a & b). Al-Harbi and Naim Uddin (2003) 
studied the total heterotrophs, total coliforms and faecal coliforms 
in pond water, sediment and intestine of hybrid tilapia in a farm in 
Saudi Arabia. 
In Indian freshwaters, number of studies have been made on 
heterotrophic bacterial activity. Total coliforms bacteria, its 
distribution and periodicity in a freshwater ecosystem was studied 
by Badge and Verma (1991). J a n a and De (1984) reported the effect 
of three types of farming management on the distribution pattern of 
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heterotrophic bacteria. Growth characteristics of the heterotrophic 
bacterial population of water and bottom sediments under three 
trophic bacterial conditions were studied by J a n a et al. (1980). J a n a 
et al. (1982) studied changes in heterotrophic populations in 
relation to physico-chemcial parameters and stocking of fish in the 
tanks under different trophic conditions. Tripathi et al. (1989, 1991) 
evaluated the aerobic heterotrophic bacteria in water and sediment 
in water hyacinth-based biogas slurry treated and cowdung-based 
biogas slurry treated ponds. 
Heterotrophic bacterial populations and primary production 
in fish ponds under different management practices were reported 
by Ayyappan et al. (1991). Bagde and Verma (1991) studied the 
relationship between the coliforms and physicochemical parameters 
of the lake of the Delhi. Microbial ecology with respect to 
hydrobiological conditions, trophic s tatus in a freshwater lake was 
described by Ayyappan et al. (1992). Tripathi et al. (1993) studied 
microbial activities in fish culture ponds using biogas slurry at 
different levels of application in CIFA fish farm. Prasanth et al. 
(1996) worked on physico-chemical and bacterial quality of water 
from temple tanks in and around Madras city. Total heterotrophs, 
total coliforms, faecal coliforms and faecal streptococci were studied 
by Ayyappan (2000) in a duckweed based sewage treatment 
aquaculture system. Microbial load of raw sewage and rate of 
reduction of microbial flora in stabilisation ponds and fish ponds 
were reported by Bhowmik et al. (2000). Sarkar et al. (2000) studied 
the microbial load in different concentrations of sewage in pond 
culture. 
2.10 Public health aspects and Bacterial depuration 
Possible health hazard from wastewater aquaculture is matter 
of concern and wastewater is likely to carry pathogens through the 
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food chain to the fish and ultimately to the human body. 
Wastewater may contain excreted pathogens such as bacteria, 
viruses, protozoa and helminthes. Fish apparently do not suffer 
from infections caused by enteric bacteria and viruses that cause 
disease in warm-blooded animals, humans and livestock, but they 
may carry pathogens passively in the gut, mucous and various 
t issues (Buras et ai, 1987; Mara and Cairncross, 1989). The 
potential health risks associated with the use of excreta and 
wastewater for aquaculture are passive transfer of excreted 
pathogens by fish and aquatic macrophytes and transmission of 
trematodes whose life cycles involve fish and aquatic macrophytes 
(Edwards, 1985; Mara and Cairncross, 1989). Allen and Gearheart 
(1980) have also studied public health aspects of a wastewater 
based fish culture. 
The risks from transmission of pathogens using human 
wastes in agriculture and aquaculture have been widely studied 
(Buras et ai, 1982 &1987; Feachem et ai, 1983; Shuva! et ai, 
1986; Strauss, 1985, 1997 & 2000; WHO, 1989; Strauss and 
Blumenthal, 1990; Blumenthal et ai, 1991&1999). 
Several studies regarding the bacterial contamination of fish 
reared in sewage-fed fish ponds have been reported (Hejkal et ai, 
1983; Buras et ai, 1987; Ogbondeminu and Okoye, 1992; 
Ogbondeminu, 1993; Van den Heever and Frey, 1994). Buras et ai 
(1987) reported that when fish accumulate bacteria beyond a given 
threshold limit (approx. lO'' of total bacteria or SPC/g or ml) in 
Oreochromis aureus or Cyprinus carpio, their capability to cope with 
high concentrations of particles diminished and bacteria began to 
invade muscle tissues and other organs. Van den Heever and Frey 
(1994) compared the hygienic quality of catfish (Clarias gariepinus) 
grown in a wastewater treatment plant effluent containing 
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6.3x103/100 ml faecal coliforms and 7.2x103/100 ml coliphages, 
with fish grown in an impounded reservoir with 1.3x10^ FC/lOO ml 
and coliphages 2.6x103/ ^QO ml. 
Depuration was mentioned as a means to decontaminate fish 
grown in waste-fed aquaculture. Depuration is widely practiced 
with shellfish for reducing bacteria and pathogen levels (Richards, 
1988). Hepher and Schroeder (1977) and Feachem et al. (1983) 
found that this method is suitable for fmfish also. Complete removal 
of E. coli and coliphages from contaminated fish was achieved 
following a purification period of 1-2 weeks (Guelin, 1962). Baker et 
al. (1983) could not isolate Salmonella from the viscera of tilapia 
after 32 days of depuration. 
In India, depuration studies pertaining to waste fed fishes are 
limited. Pal and Dasgupta (1991) studied about bacterial load in 
flesh of fishes grown in sewage waters. Rajasekaran et al. (1977) 
reported Shiegella spp from the fish grown in sewage-fed ponds but 
opined that in the steamed, fried and curry preparation it will not 
survive. Balasubramanian et al. (1992) reported that the bacterial 
count of the fish grown in sewage reduced more than 80% in 20 
days of depuration. They also reported that bacterial count is totally 
eliminated in the curry preparation of the fish. Public health 
aspects on sewage fish culture were also reported by Bhowmik et al. 
(2000) and Sarkar et al. (2000). 
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3. MATERIAL AND METHODS 
Studies were carried out in the fish farm of the Central 
Institute of Freshwater Aquaculture (CIFA), Kausalyaganga, 
Bhubaneswar, (Lat. 2 0 ° i r 06" -20°11'45" N; Long 85°50' 52" -
85°51 '35"E), Orissa, India. 
3 .1 , Preparation of compost 
To determine an optimal inoculation rate for microbiological 
and nitrogenous enrichment, domestic kitchen waste was 
composted in cement cisterns (Im x 0.5 m x 0.5 m) under four 
different combinations with 10 and 20% cowdung, and 2 and 5% of 
urea. Since addition of 10 and 20% levels of cowdung did not show 
any significant differences in total bacterial count, which were 1.72-
2.45 X lO^/gand 1.64-3.71 x lO^/g, respectively, the inoculam rate 
of 10% cowdung and 2% urea was selected for field composting. 
For mass scale compost preparation in the filed, four earthen 
pits of 15 m2 each and 50 cm deep were excavated. Garbage 
collected from the Institute's housing colony (110 family quarters) 
was cleaned off all extraneous materials viz., plastic, broken glass, 
iron pieces etc., either by handpicking or passing through a sieve. 
Only the organic refuse was layered in the pits with 10% cowdung, 
2% urea and 10% water, followed by covering the material filled pits 
with polythene sheet. Circular cement cisterns of 2000 1 capacity 
were also used for preparation of compost. The nutrient availability 
of the compost was assessed through monthly analysis. 
3.2 . Sewage intake 
Sewage generated from the Institute's housing colony initially 
passed through a stabilization pond of 0.4 ha before entering into 
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the oxidation pond of 0.1 ha. A 5 HP electric pump was installed 
near the oxidation pond to take the primary treated sewage into 
experimental ponds. Using this, sewage effluents were pumped from 
the oxidation pond to the experimental ponds. Nutrients analysis of 
sewage effluents was done once in a month. 
3.3. Water quality parameters 
The parameters like water temperature, pH and transparency 
were recorded at the site itself, while the other parameters were 
analysed in the laboratory. Subsurface water samples were 
collected from ponds using 500 ml polythene bottles and 
subsequently brought to the laboratory for analysis of other 
important parameters. The samples for dissolved oxygen were 
collected using 300 ml BOD bottles and the samples were fixed at 
the site itself by adding Winkler's reagents (APHA, 1989). The 
details of the procedures followed for the analysis of the parameters 
are detailed below. 
3 .3 .1 . Temperature 
The water temperatures were measured at the site using 0-
50°C mercury thermometer graduated at 0.1°C. 
3.3 .2 Transparency 
The transparency of the water column was measured using a 
secchi disc of 20 cm diameter. The disc immersed in water, the 
depths at which the disc disappearing and reappearing were noted. 
The average of these was taken as transparency value and 
expressed in cm (Welch, 1948). 
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3.3 .3 pH 
The pH of water samples was measured using a digital pH 
meter (Century, CK- 710). 
3.3 .4 Dissolved Oxygen 
Subsurface water was taken in 300 ml BOD bottles which 
were fixed at the site itself by adding manganous sulphate and 
potassium iodide. The dissolved oxygen contents of water samples 
were measured titrimetrically by Winkler's azide modification 
method using 0.025 N sodium thiosulphate and starch as indicator 
(APHA, 1989) and values are expressed as mg/1. 
3.3.5 Biological Oxygen Demand (BOD) 
Two sets of subsurface samples were collected using 300 ml 
BOD bottles. In one set, oxygen was fixed in the site itself and the 
second set was taken to the laboratory and incubated in a BOD 
incubator at 20 °C for five days. After incubation dissolved oxygen 
was measured and BOD was calculated and expressed as mg/1 
(APHA, 1989). 
3.3 .6 Carbondioxide 
Free carbondioxide was estimated by titrating the water 
samples with N/44 sodium hydroxide solution using 
phenolphthalein as indicator and values are expressed as mg/1 
(APHA, 1989). 
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3.3.7 Total a lkal ini ty 
The carbonate and bicarbonate alkalinity values were 
determined titrimetrically, using 0.02 N sulphuric acid with 
phenolphthalein and methyl orange as indicators and values are 
expressed as mgfl (APHA, 1989). 
3 .3.8 Hardness 
Total hardness and calcium hardness of water were measured 
titrimetrically against 0.02 N disodium salt of EDTA (ethylene 
diamine tetra acetic acid) solution using EBT (Eriochrome Black T) 
and murexide as indicators, and the values are expressed as mgfl 
(APHA, 1989). 
3.3.9 Nitr i te-ni t rogen (NO2-N) 
The nitrite-nitrogen present in water was analysed using 
sulphanilamide and NNED (N-1-naphthyl-ethylene-diamino-
dihydrochloride) and the colour developed by diazotization was 
measured at 543 nm in a UV-Vis spectrophotometer (Hitachi, 150-
20, Japan) . The values were expressed as mg/1 (Strickland and 
Parsons, 1984). 
3 .3 .10 Ni t ra te-ni t rogen (NO3-N) 
The concentrations of nitrate-nitrogen in the water samples 
were analysed using hydrazine sulphate and copper sulphate as 
reducing agent and sodium hydroxide and phenol as oxidising 
agents. Further, the colour developed through the diazotising 
reaction was measured in UV-Vis spectrophotometer (Hitachi, 150-
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20, Japan) at 543 nm and the values are expressed as mg/1 
(Strickland and Parsons, 1984). 
3.3.11 Ammonia nitrogen (NH4-N) 
The ammonium-nitrogen concentration in the water samples 
was estimated by Indophenol blue method (Strickland and Parsons, 
1984). The blue colour development was measured at 640 nm in the 
UV-Vis spectrophotometer (Hitachi, 150-20, Japan) and the values 
were expressed as mg/1. 
3.3 .12 Phosphate -Phosphorus (PO4-P) 
Orthopthosphate content of the water medium reacts with 
ammonium molybdate and forms complex hetropoly- acid 
(molybdophosphoric - acid), which gets reduced to a complex of 
blue colour in presence of s tannous chloride. The colour was 
measured at 690 nm in UV-Vis spectrophotometer (Hitachi, 150-20, 
Japan) and the results are expressed as mg/1 (APHA, 1989). 
3.4. Biotic parameters 
3.4.1 Phytoplankton 
For phytoplankton analysis one liter of water sample was 
collected from each pond and 5 ml of Lugols iodine was added into 
it. The samples were kept for one day for settling the 
phytoplankton. Next day after discarding the supernatant , the 
plankton samples were analysed by direct census method with the 
help of Sedgwick-Rafter counter cell under a light microscope. They 
were analysed up to the family level and the counts were expressed 
as nos . /ml (Edmondson, 1959). 
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3.4.2 Zooplankton 
The zooplankton samples were collected by filtering 50 liters 
of water taken from the pond randomly with the help of a plankton 
net made of bolting silk (No. 25, mesh size 0.064 mm). The samples 
were preserved in 5% formaldehyde solution at the site and 
analysed later in the laboratory. One ml of preserved sample was 
analysed with the help of Sedgwick-Rafter counter cell under a light 
microscope by direct census method and the counts are expressed 
as nos . / l (Edmondson, 1959). 
3.4 .3 . Total heterotrophic bacteria and total coliforms 
In all the experiments, variations in total heterotrophic 
bacteria and total coliforms were studied both in water as well as in 
sediment. Total heterotrophic bacterial counts were enumerated 
using standard plate count method on nutrient agar medium 
(Himedia) and total coliforms using standard plate count method on 
brilliant agar medium (Himedia). The plates were incubated at room 
temperature (26±2°C) for 48 hours for total heterotrophic bacteria 
and at 37°C incubated in a BOD incubator for total coliforms 
(Collins and Lyne, 1985). After incubation the colony forming units 
were enumerated and averages were computed. The bacterial 
counts are expressed as cfu/ml for water and cfu/g for sediment. 
3.4.4 Primary productivity 
Plankton based primary productivity has been done in situ 
following light and dark bottle method (VoUenweider, 1969). The 
oxygen was analysed by Winkler's method (Lind, 1974) and the 
rates of production were estimated as mgC/m^/hr . The values were 
then converted to carbon using a factor 0.375. The values were then 
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multiplied by 12, assuming the sunshine hours, and the values of 
productivity are expressed as gC/m^/d. 
3.5 Production efficiency 
The final fish production rates with data of primary 
production, manure inputs and feed inputs were used to calculate 
carbon and energy budget and production efficiencies in fish ponds 
under different management practices. Visible light energy reaching 
the water surface at the location Lat. 20° 11 ' 25" N during each 
month was calculated from solar radiation data obtained from the 
meteorological tables of U.S. Meteorological survey (Kimball, 1935). 
The photosynthetic efficiencies were calculated as ratios of energy 
fixed to incident light energy and from the average fish production 
levels in different treatments. Fish production efficiencies were 
calculated as ratios of photosynthetic energy fixation. Further, the 
allochthonous carbon added through organic manure (sewage, 
compost and cowdung) and supplementary feed, wherever 
applicable, was included to calculate the production efficiencies 
based on the total carbon input. Standard ecological conversion 
factors used for computation were 1 g O2 = 0.375 g C; 1 g C= 10 k 
cal; 1 g wet weight of fish = 1.2 k cal (Laevastu, 1957; Sreenivasn, 
1972; Natrajan and Pathak, 1983). 
3.6 Pond experiment on nutrient interactions and trophic 
pathways 
Three field experiments on trophic interactions, nutrient 
dynamics, intensities of autotrophic and heterotrophic food chain, 
energy transfer and production efficiencies in fish ponds under 
different management practices were conducted under three 
different experiments in a set of 12 earthen ponds of size 0.02 ha 
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(20 m X 10 m) each. The details of each experimental set up and 
practices followed are given below. 
3.6 .1 . Experiment I: Use of domestic garbage compost as 
manure for fry rearing of major carps 
Experiments were conducted to study the growth and survival 
of different carp species and biomass production during rearing of 
fry to fmgerlings by using domestic garbage compost in a set of six 
ponds of 0.02 ha each. Application of compost at the rate of 10 
t onnes /ha /y r (T-I) and 20 tonnes /ha /y r (T-II), were the two 
treatments evaluated in triplicate. The study was carried out for a 
period of 3 months. 
3.6.1 .1 Pre-stocking pond management 
3 .6 .1 .1 .1 Eradication of predatory and weed fishes 
The ponds were treated with bleaching powder at the rate of 
525 kg/ha-m (20% available chlorine) after reducing the water to 
two feet for eliminating the predatory and weed fishes. After 
application of bleaching powder, the water was vigorously agitated 
by physical means and the dead fishes were removed by repeated 
netting using 1/8" mesh drag net. The ponds were left for one week 
for detoxification. 
3.6 .1 .1 .2 Pond fertilization 
Domestic garbage compost was applied at the rate of 10 
t o n n e s / h a / y r in T-I and 20 tonnes /ha /y r in T-II. While 25% of the 
total quantity (2.5 tonnes /ha in T-I and 5 tonnes /ha in T-II) was 
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applied as basal dose, 15 days prior to stocking of fish seed, the 
remaining amount was applied in equal split doses at fortnightly. 
3.6 .1 .2 . Stocking of fish seed 
Fifteen day old fry of Indian major carps (Catla catla (catla), 
Loabeo rohita (rohu) and Cirrhinus mrigala (mrigal)) obtained from 
CIFA fish farm were used for stocking in the experimental ponds. In 
both the treatments stocking density was kept at 0.1 million/ha in 
the ratio of 1:1:1 of catla, rohu and mrigal with corresponding mean 
weight of 0.19 g, 0.29 g and 0.17 g. Stocking was done during early 
morning hours when the temperature of water was comparatively 
low. 
3.6 .1 .3 . Pond management 
The water levels in the experimental ponds were maintained 
at a depth of 1.2-1.5 m during the study period, compensating the 
loss of water due to seepage and evaporation by drawing in water 
from the nearby canal. Compost was applied at the scheduled rates 
as discussed earlier to keep the sustained production of natural fish 
food organisms. Physico-chemical and biological parameters of the 
experimental ponds were analysed weekly. Periodic samplings were 
carried out for assessment of growth and health of the fish species 
at monthly intervals. Mean growth increments of each species were 
recorded by taking 20 specimens from each species using a single 
pan weighing balance and the length was also recorded. 
3.6 .1 .4 . Harvesting 
After three months of culture, fishes were harvested by 
repeated netting and finally by total draining of ponds for complete 
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removal. Each species was counted individually to record the 
survival rates and the biomass production of each species was 
assessed by weighing the species-wise sorted fish separately. Mean 
weight and average length of the fish at harvest were also recorded. 
3.6.2.Use of sewage, compost and cowdung as manure for 
Hngerling rearing and its production efficiency 
An experiment was conducted to study the growth and 
survival of different carp species and biomass production by using 
the domestic garbage compost, sewage and cowdung in a set of nine 
ponds of 0.02 ha each. Application of compost at the rate of 20 
t o n n e s / h a / y r (T-I), sewage at the rate 90000 m3/ha /y r (T-II) and 
cowdung at the rate 20 tonnes /ha /y r (T-III) were the three 
t reatments evaluated. The experiment was conducted in triplicate 
for a period of six months. 
3 .6 .2 .1 . Pre-stocking pond management 
3 .6 .2 .1 .1 . Eradication of predatory and weed fishes 
The predatory and weed fishes were eradicated by treatment 
of bleaching powder as described in Experiment-!. The ponds were 
filled with freshwater after one week of the application of bleaching 
powder. 
3.6 .2 .1 .2 . Pond fertilization 
Domestic garbage compost and cowdung were applied at the 
rate of 20 t onnes /ha /y r in treatments T-I and T-III respectively. 
20% of the total quantity (4.0 t onnes /ha each) were applied as 
basal dose, 10 days prior to stocking of fish fry and the remaining 
amount was applied in equal split doses, fortnightly. Sewage from 
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the oxidation pond of CIFA was used in treatment T-II at 90000 
m3/ha/yr , of which a basal dose of 20%, i.e. 18000 m^/ha was 
applied to the pond initially and the rest of the dose was applied 
fortnightly. 
3.6 .2 .1 .3 . Stocking of fish seed 
One month old fry of Indian major carps, catla, rohu and 
mrigal, produced in CIFA farm were used for stocking in the 
experimental ponds. In all the three treatments, stocking density 
was kept at 0.05 million fry/ha in the ratio of 1:1:1 catla, rohu and 
mrigal. Initial individual mean fish weight was 1.3 g, 1.02 g and 
0.88 g for catla, rohu and mrigal, respectively. Care was taken to 
avoid any mortality during stocking which were done between 8-10 
A.M. 
3.6 .2 .2 . Pond management 
The filtered freshwater drawn from the nearby canal was used 
to fill the experimental ponds. Water levels of 1.2-1.5 m were 
maintained through out the study period. Sewage and manure were 
applied at the scheduled rates as discussed earlier to keep the 
sustained production of natural fish food organisms. Physico-
chemical and biological parameters of the experimental ponds were 
analysed fortnightly. Periodic samplings were carried out for 
checking the growth rate and well being of the fish species at 
monthly intervals. Mean growth increments and mean length of 
each species were recorded by taking 10-15 specimens of each 
species. 
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3.6 .2 .3 . Harvesting 
Harvesting was done after 6 months of culture by drag 
netting and finally by total draining of ponds for complete removal 
of the fishes. Total count of each species was taken to record the 
survival rates and the biomass production of each species was 
assessed separately. Mean weight and average length of the fish at 
harvest also recorded. 
3.6 .3 . Use of sewage and compost with and without 
supplementary feeding for fish production and its 
production efficiency 
Grow-out carp culture experiments were conducted to study 
the growth and survival of Indian major carp and Chinese carp 
species and biomass production by using sewage and domestic 
garbage compost in a set of twelve ponds of 0.02 ha each, with and 
without supplementary feeding. The four treatments evaluated were 
application of sewage at the rate of 90,000 m^/ha /y r without feed 
(T-1), sewage at the rate of 90,000 m^/ha /y r with feed (T-Il), 
compost at the rate of 20 tonnes /ha /y r without feed (T-III) and 
compost at the rate of 20 tonnes /ha /y r with feed (T-IV). The 
experiments were carried out in triplicate for a period of 12 months, 
from January to December. 
3 .6 .3 .1 . Pre-stocking pond management 
3.6 .3 .1 .1 Eradication of predatory and weed fishes 
The water levels in the ponds were reduced to minimum 
possible levels by pumping out the water and bleaching powder was 
applied at the rate of 525 kg/ha-m (20% available chlorine) to 
eliminate the unwanted fishes and other animals. After application 
of bleaching powder, the water was agitated physically and the dead 
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fishes were removed by repeated netting. The ponds were filled with 
water after detoxification of chlorine. 
3.6 .3 .1 .2 . Pond Fertilization 
Pond fertilisation was done by pumping sewage from the 
oxidation pond to the experimental ponds. The fertilization rate of 
sewage was 90,000 m^/ha/yr , of which a basal dose of 25%, i.e. 
22,500 m^/ha was applied to the treatments T-1 and T-II initially 
and the rest of the dose was applied on fortnight intervals. 
Domestic garbage compost was applied at the rate of 20 
tonnes /ha /y r . 25% of the total quantity (5.0 t onnes /ha compost in 
T-III and T-IV) were applied as basal dose, 12 days prior to stocking 
of fish, the remaining amount was applied in equal split doses 
fortnightly. 
3.6 .3 .2 . Stocking of fish seed 
Forty days old advanced fry of catla (Catla catla), rohu {Labeo 
rohita], mrigal (Cirrhinus mrigala), silver carp (Hypophthalmichthys 
molitrix) and grass carp (Ctenopharyngodon idella) produced in CIFA 
farm, were used for stocking the experimental ponds. In all the 
treatments, stocking density was kept at 5 0 0 0 / h a in the ratio of 
1:2.5:4:2:0.5 of catla, rohu, mrigal, silver carp and grass carp, 
respectively. The corresponding mean sizes of the fish stocked were 
3.9±0.4, 0.96±0.14, 0.50±0.08, 3.65±0.2 and 2.80±0.18 g. Stocking 
was done during morning hours to minimize the stress to fish. 
3.6 .3 .3 . Pond management 
The water level in the experimental ponds was kept at a depth 
of 1.2-1.5 m during the experiment, compensating the loss of water 
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by drawing from the nearby canal. Sewage anov. co'rfrp»et^^ere^^ 
applied at the pre-determined rates to keep the ^srasfamed 
production of plankton. Physico-chemical and biological parameters 
of the experimental ponds were analysed at monthly intervals. 
Monthly samplings were carried out for checking growth rate and 
well being of the fish species. Mean growth increments of each 
species were recorded during the sampling. 
3.6 .3 .4 Supplementary feeding 
The fishes in two treatments (T-II and T-IV) were provided 
with supplementary diet comprising traditional mixture of rice bran 
and groundnut oil cake at 1:1 ratio by weight. The mixture was 
soaked in water day before and fed to the fishes on next day. 
Feeding was done at the rate of 1.5% of fish biomass per day 
throughout the experiment. The quantity of the feed was adjusted 
in every month, after estimating the biomass increase through 
samplings. Assessment of fish biomass was based on mean growth 
as obtained through samplings and at an expected survival levels of 
80%, decided and based on the previous records. Further, the 
amount of feed provided in each treatment was based on the mean 
biomass of replicate ponds. Feeding was done once daily, during 
morning at 8.0-9.0 A.M. 
3.6 .3 .6 . Harvesting 
Harvesting was done after one year of culture by netting and 
finally by draining the ponds for complete removal of fishes. Each 
species was counted individually to record the survival rates and 
the biomass production of each species was assessed by weighing. 
Mean weight and average length of the fish at harvest were also 
recorded. 
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3.7. Experiment-IV: Depuration of bacterial load of fishes grown 
in sewage 
Studies were conducted to know the reduction of bacterial 
load of sewage grown fishes through depuration in freshwater. Ten 
fishes each of catla, rohu and mrigal were collected from the 
sewage-fed ponds and kept in cement cisterns with clean freshwater 
for a period of 10 days in the wet laboratory. Continuous aeration 
was provided in each tank to avoid emy oxygen depletion in the 
tank. One fish from each species daily was taken and total 
heterotrophic bacteria and total coliforms bacteria were enumerated 
from skin, gill and muscle by standard plate count methods. 
Bacterial load of water was also enumerated daily. The 
methodology, followed for the bacterial enumeration, has been 
discussed in previous pages. The bacterial counts were expressed 
as cfu/ml for water, cfu/cm^ for skin, and cfu/g for gill and fiesh. 
3.8 Statistical analyses 
The data on physico-chemcial parameters, fish growth, 
survival, biomass production and production efficiency in different 
treatments were subjected to statistical analyses with Analysis of 
Variance (ANOVA) using Ms-Excel software. Correlation coefficient 
between different physico-chemical parameters and biotic 
parameters in different treatments were also done to establish the 
effect of different manurial practices on productivity. 
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4. RESULTS AND DISCUSSION 
4.1 Characteristics of sewage, compost and cow dung 
The composition of the compost and cowdung used for the 
experiments was analysed and the results are presented in Table 1. 
In compost, the moisture contents ranged from 35 to 45% with 
mean levels of 38.5±3.3%. There was a reduction of moisture 
contents during the storage of compost. Nitrogen level was in the 
range of 1.0-2.2% on dry weight basis with a mean of 1.7±0.4%. 
Phosphorus contents varied from 0.06 to 0.82% with a mean value 
of 0.14±0.21%. Total organic carbon was in the range of 1.8-3.0% 
with a mean of 2.4±0.3%. 
The mean nitrogen content of the cowdung used in the 
present experiment was 1.44±0.07%. Nitrogen content ranged from 
1.35 to 1.54% on dry weight basis. Phosphorus was in the range of 
0.65 to 0.80% with a mean of 0.74±0.06%. Mean organic carbon 
was 33.2±1.2% and was in the range of 32.0-35.0%. 
The sewage used for the experiments was drawn from an 
oxidation pond, which was receiving the same from stabilisation 
pond as discussed. Characteristics of sewage used for the 
experiment were analysed during different times and the results are 
presented in Table 2. The nitrogen levels of the sewage received 
during the experimental period varied widely and the mean values 
were 0.71±0.34 mg/1 as Nitrite-nitrogen, 0.60±0.26 mg/1 as Nitrate-
nitrogen and 0.66±0.52 mg/1 as Ammonia-nitrogen. Phosphate-
phosphorus was in the range of 0.18-1.8 mg/1 with a mean value of 
1.17±0.51 mg/1. BOD5 was in the range of 4.0-12.0 mg/1 with a 
mean value of 7.33±2.35 mg/1. The low nutrient levels and low BOD 
values indicate the sewage used in the experiment was very weak. 
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Therefore, higher volume of sewage was taken for fertilizing the 
experimental ponds. 
Obeng and Wright (1987) reported nitrogen, phosphate, and 
potassium content of municipal waste compost are 1.3, 0.9, 1.0%, 
respectively. Gaur et al. (1990) reported nitrogen content of different 
composts as 0.5%, 2%, 1.5% and phosphorus content as 0.2%, 
1.0%, 1.0%, in farm litter, water hyacinth compost and town 
compost respectively. Hajra et al. (1994) reported total nitrogen as 
0.406%, total phosphorus as 0.302% and organic carbon as 7.7% in 
town compost. During the present experiment, the nitrogen and 
phosphorus content of the compost made from domestic garbage 
was in the ranges as reported by Gaur et al. (1990). Nutrient levels 
in compost showed gradual decline in about 80 days of storage. 
Therefore, a fresh compost is prepared in every two months for use 
in experiments. 
Gaur et al. (1990) reported nitrogen content as 1.55, 1.99, 
2.24%, phosphorus as 0.76, 1.02, 1.20% and organic carbon as 
47.76, 41.56, 36.36% in cattle dung, digested slurry- and farm yard 
compost respectively. Tripathi et al. (1993) have reported nitrogen 
content as 1.44, 1.81%, phosphorus content as 0.80, 0.82% and 
organic carbon as 35.14, 38.4% in cowdung and biogas slurry 
respectively. In the present study, the values of nitrogen, 
phosphorus and organic carbon were in the ranges as reported by 
earlier workers. 
Pescod (1992) reported a weak sewage containing 20 mg/1 
nitrogen, 6 mg/1 phosphorus, 100 mg/1 suspended solids and 100 
mg/1 BOD5 Mishra (2000) studied characteristics of city sewage and 
found mean values of ammonia nitrogen in the range of v5.79 to 
6.85 mg/1, nitrite-nitrogen 0.11 to 0.18 mg/1, nitrate-nitrogen 0.50 
to 0.69 mg/1 and phosphate phosphorus 2.93 to 3.98 mg/1. 
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Table - 1 
Composition of domestic garbage compost and 
cowdung in different periods of experiment 
Samples 
a) Domestic 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
XI 
XII 
MeantSD 
b) Cowdung 
I 
II 
III 
IV 
V 
VI 
Mean±SD 
Moisture 
(%) 
garbage compost 
45 
42 
38 
38 
35 
35 
42 
40 
37 
40 
35 
35 
38.5+3.3 
75 
72 
78 
70 
74 
72 
73.5±2.8 
Nitrogen 
(%) 
1.5 
2.2 
2.0 
1.7 
1.4 
1 5 
2.0 
2 2 
1.7 
1.8 
1.2 
1.0 
1.7±0.4 
1.45 
1.50 
1.35 
1.54 
1.42 
1.38 
1.44±0.07 
Phosphorus 
(%) 
0.82 
0.11 
0.08 
0.06 
0.06 
0.07 
0.10 
0.10 
0.09 
0.07 
0 06 
0.06 
0.14±0.21 
0.76 
0.75 
0.78 
0.68 
0.65 
0.80 
0.74±0.06 
Organic carbon 
(° ) 
3 0 
2 4 
2 2 
2 2 
2 4 
2 2 
2 8 
2 6 
2 3 
2 4 
1 8 
2 0 
2 4 : 0 3 
32 0 
34 0 
32 5 
33 6 
35 0 
32 2 
33 2 :1 2 
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Table - 2 
Characteristics of sewage taken for experiment in different periods 
Parameters I II III IV V VI VII VIII IX X XI XII MeaniSD 
Temperature 26 17+2 69 (OC) 31 28 24 25 26 28 30 27 22 24 25 24 
pH 7 5 7 7 7 6 7 8 8 1 7 5 7 3 7 7 7 8 7 4 7 9 8 7 69+0 24 
D0(mg/1) 3 6 6 5 5 8 6 3 4 8 6 5 8 5 7 2 6 5 5 5 6 0 3 2 5 87+147 
C02(mg/I) 2 8 3 5 3 0 3 2 3 5 2 5 1 2 1 5 2 5 2 0 3 5 5 0 2 85+102 
Total alkalmity ^ ^ Q ^^6 122 142 115 98 110 126 138 140 125 120 126 0±13 84 
(mg/1) 
Hardness ^^g 112 89 90 110 112 105 98 107 0±14 13 (mg/1) 
Calcium (mg/1) 56 68 60 72 70 55 48 52 60 62 60 44 58 92+8 54 
N02-N(mg/1) 0 2 1 2 0 8 0 65 0 78 0 87 0 8 1 0 1 2 0 51 0 23 0 32 0 71+0 34 
NO3 N (mg/1) 0 4 1 2 0 75 0 52 0 5 0 45 0 74 0 87 0 54 0 47 0 46 0 25 0 60+0 26 
NH4-N (mg/1) 0 8 2 2 0 62 0 35 0 3 0 65 0 33 0 65 0 82 0 54 0 24 0 42 0 66±0 52 
P04-P(mg/1) 1 2 0 56 0 18 0 7 1 1 0 96 1 6 1 8 1 1 2 1 6 5 1 8 134 117±0 51 
DOM (mg/1) 5 8 3 4 3 5 5 6 4 4 5 8 6 9 7 0 6 3 5 8 4 5 3 8 5 23+127 
BOD (mg/1) 12 8 0 6 5 7 6 8 5 10 5 5 0 4 8 8 0 5 6 7 5 4 0 7 33+2 35 
TSS (mg/1) 2 0 2 4 1 8 2 3 2 0 2 3 2 5 1 5 1 9 2 0 2 3 2 25 2 10+0 29 
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Experiment-I 
4 .2 Use of domestic garbage compost as manure for fry 
rearing of major carps 
Domestic garbage is generally used as manure for kitchen 
garden as well as to make vermi-composting, which mostly used for 
horticulture. Though, use of different organic wastes in fish culture 
has a long tradition but use of domestic garbage compost as 
manure in aquaculture ponds is a new initiative. The present 
experiment was conducted to study the efficacy of domestic garbage 
compost on production attributes and bacterial coenosis in fry 
rearing of Indian major carps. The compost was prepared by 
earthen pit method using the garbage from CIFA housing colony. 
Two doses of compost, 10 t / h a / y r (T-I) and 20 t / h a / y r (T-Il), were 
used and both the treatments were done in triplicate. All the data, 
presented here, are the averages of three ponds with standard 
deviation, except bacteriological data (Table 1-10). 
4.2.1 Physico-chemical parameters 
Temperature is an important factor for decomposition of 
organic matter. The rate of decomposition of organic matter and 
mineralisation increases with temperature (Boyd, 1990). In the 
present experiment, water temperature was found to be almost 
uniform, throughout the study period and lying within a narrow 
range of 28.2±0.3°C to 32.I±0.1°C (Table 3, Fig. 1). The mean 
values in water temperature ranged from 30.2 to 30.3 °C, which is 
slightly higher than the temperatures reported by Bhowmick et at. 
(1991) and Jena et al. (2005) for carp fry rearing ponds. However, 
the present values are in conformity with Tripathi et al. (1991), 
where they recorded temperature in the range of 28.8 to 35.5 °C in 
carp seed rearing in nursery ponds treated with ammonia. Das et 
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al (2005) have also observed water temperature in the range of 
28.0-32.5°C in an experiment using different levels of organic and 
inorganic manures . Since the experiment was conducted during 
July - September months (summer and monsoon), therefore, the 
values of temperature were slightly higher as also reported by 
Bhanot et al. (1991). Banerjee et al. (1979) have reported high rate 
of decomposition of organic matter in the temperature range of 
29.0-33.0 °C. In the present experiment the temperature values 
recorded were highly conducive for decomposition of the organic 
matter applied into the ponds. 
Transparency varied from 9.2+3.5 cm to 46.7±4.2 cm and 
mean transparency values were 30.4 and 19.4 cm in different 
treatments. (Table 3). Transparency, in general, showed a gradual 
increase with the progress of the culture period, except during 
seventh to ninth weeks. Though, the values showed a similar trend 
in both the treatments (Fig. 3), Treatment-I showed significantly 
higher values (Table 59) as compared to Treatment-11. It may be due 
to higher dose of compost added in to the Treatment-11. Almazan 
and Boyd (1978) have also reported particulate matter responsible 
for reducing the transparency considerably in some fish ponds. 
Water pH ranged between 7.2±0.0 to B.OiO.l (Table 3) with 
means in two treatments as 7.6 and 7.5. pH values showed a 
decreasing trend upto third week, again from fourth week to 
seventh week and from eighth week to eleventh week. Irrespective of 
different application levels of compost, both the treatments showed 
similar trend in pH values through out the culture period, with 
comparatively higher values during the third month of the 
experiment (Fig. 1). The reduction of pH may be due to the 
increased rate of decomposition of organic matter, which caused 
increased production of carbondioxide as result of bacterial activity. 
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Das et al (2005) have observed a reduction in pH of water after 
application of organic inputs in fish culture experiments. In the 
present experiment, though reduction of pH was there, pH was 
always recorded in alkaline range, reaching up to 8.0 in Treatment-
II. The values, observed here are similar with the observations made 
by J e n a et al. (2005) for carp fry rearing ponds. Utilisation of 
carbondioxide for primary productivity may enhance pH in 
aquaculture ponds (Seenayya, 1972). 
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Table - 3 
Variations in water Temperature, Transparency and pH in fry 
rearing ponds using domestic garbage compost 
(Experiment-I) 
Temperature (°C) Transparency (cm) 
Weeks T I T II T-I T-II T I F II 
I 28 9±0 1 28 9±0 1 14 0±3 0 10 7+4 6 7 7±0 1 7 7±0 1 
II 30 6±1 2 30 0±0 1 17 3±9 4 09 2±3 5 7 4±0 0 7 5+0 1 
III 30 1±0 1 30 1±0 1 17 7±7 2 117±4 5 7 4±0 0 7 4+0 0 
IV 29 1+0 1 29 1±G 1 313+3 8 20 7±3 3 7 7+0 1 7 7+0 2 
V 30 4±0 2 30 1±0 1 27 0±17 21 0±3 1 7 5±0 1 7 5+0 1 
VI 32 0±0 1 319±0 1 38 7±8 1 24 3±6 1 7 4±0 0 7 3+0 1 
VII 31 9±0 1 32 1±0 1 46 7±4 2 32 0±7 8 7 3+0 1 7 3tO 1 
\ III 31 1±0 1 31 0±0 0 37 3±12 9 27 3+6 4 7 6±0 0 7 6+0 0 
IX 28 7±0 6 28 2±0 3 18 3±4 9 13 0±3 6 7 6±0 2 7 3+0 1 
X 30 1±0 1 29 9±0 1 32 7±4 2 19 3±5 8 7 5+0 1 7 4+0 2 
XI 29 4±0 3 29 6±0 0 35 7±4 2 22 4+5 9 7 3±0 1 7 2*0 0 
XII 30 3±0 3 30 2±0 3 37 0±8 5 24 0+5 3 7 8±0 1 7 6(^ 0 1 
XIII 30 1+0 1 29 9+0 2 38 7±8 6 21 0+6 1 7 8+0 1 8 0+0 1 
Overall 
mean+SD 30 Sill'' 30 2±11« 30 4113 1" 19 4±9 8^ 7 6±0 2-' 7 5±0 2^ 
Values are expressed as Mean+SD (n=3), Values of overall mean (n=39) with different 
superscripts differ significantly (P<0 05) (T I compost @ 10 tonnes/ha T II compost (a 
20 tonnes/ha) 
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Fig. 1 
Weekly variations in Temperature, Transparency and pH 
(Bxperiment-I) 
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Carbondioxide showed an increase in second week, then a 
decline on third week and a gradual increase upto eighth week in T-
I and upto ninth week in T-II (Fig. 2) with values ranging between 
2.0±0.0 mg/1 to 13.7±0.4 mg/1 (Table 4). Mean values were recorded 
as 6.1 and 7.1 mg/1 in T-1 and T-11 respectively. Keshavappa et al. 
(1989) and J e n a et al. (1998a & 2005) have also reported 
carbondioxide in the similar ranges for carp fry rearing experiments 
in field conditions using organic and inorganic manures . Tiripathi 
et al (1993) reported lesser carbondioxide in the ponds using cow 
dung and biogas slurry. The increase in carbondioxide may be 
attributed to higher microbial activity for decomposition of organic 
matter. No significant relationship was observed in the experiment 
in any treatments between productivity and carbondioxide. It may 
be due to higher concentration of carbondioxide present in the 
water, which is not required completely by plankton for 
photosynthesis. Basheer (1991) also reported an insignificant 
relationship between carbondioxide and productivity in a pond 
receiving sewage effluents. 
Both the treatments followed a close pattern in dissolved 
oxygen concentration throughout the experiment, without showing 
any specific trend (Fig. 2). Dissolved oxygen values were in the 
range of 4.2±0.5 mg/1 to 7.5±1.8 mg/1 (Table 4) and the overall 
means were found to be as 6.0 and 5.9 mg/1 in T-I and T-Il 
respectively. The oxygen values were higher than those reported by 
Tripathi et al. (1993) for fry rearing experiments using biogas slurry. 
J e n a et al. (1998 a 8& b) reported oxygen level as 6.6 mg/1 and 6.2 
mg/1 in two different carp fry rearing experiments. The oxygen 
levels of 5 mg/1 and above have been reported to be good for fish 
culture (Jhingran, 1991). 
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Biological oxygen demand (BOD) in two treatments varied 
from 1.410.1 mg/1 to 7.3±4.7 mg/1 (Table 4) showing no specific 
trend in different treatments (Fig. 2). Average BOD levels were 
recorded as 3.1 mg/1 in both the treatments. Low BOD levels may 
be attributed to the use of processed organic manure. Tripathi et al. 
(1993) have also reported low BOD levels in biogas slurry treated 
ponds as compared to raw cowdung treated ponds. 
Alkalinity values ranged from 51.715.8 mg CaCOa/l to 
111.701.7.0 mg CaCOa/l (Table 5) in the two treatments. There was 
a gradual decrease in total alkalinity from first week onwards till 
twelfth week. Then there was a sudden increase in last week of the 
experiment in both the treatments (Fig. 3). The mean alkalinity 
values were 83.3 and 85.7 mg/1 in T-I and T-II respectively. 
Alkalinity values were in the range of required values for freshwater 
aquaculture (Ayyappem et al, 1991). J e n a et al. (1998 a 85 b) 
reported total alkalinity in the range of 80-124 mg/I and 88-160 
mg/1 in different fry rearing experiments. Alkalinity values in the 
range of 50-100 mg/1 are good for fish culture as reported by 
Jh ingran (1991). 
Hardness showed almost a steady level throughout the 
experiment in both the treatments (Fig. 3), with values were ranging 
from 75.0+5.0 mg/1 to 122.715.5 mg/1 (Table 5). Mean hardness 
values were 91 and 94.8 mg/l in T-I and T-II respectively. Calcium 
values were in the ranges of 58.315.9 mg/1 to 89.317.6 mg/1 in two 
treatments and mean calcium values were 69.8 and 74 mg/1 (Table 
5) and it showed almost similar trend as that of hardness . The 
values of hardness and calcium were in conformity of earlier 
reported values for fry rearing experiments (Ghosh, 1998; Tripathi 
et al, 1991) using organic manures. 
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Nitrite-nitrogen (NO2-N) in the treatments did not show any 
specific trend and remained almost steady throughout the 
experiment (Fig. 4). It varied from O.OltO.Ol mg/1 to 0.07+0.03 
mg/1 with mean values as 0.04 and 0.02 mg/1 (Table 6). Tripathi et 
al. (1993) have reported very low levels of Nitrite-nitrogen (0.005 -
0.0012 mg/1) in organically manured fry rearing experiments. J ena 
(1998) has observed Nitrite-nitrogen in the range of 0.015-0.126 
mg/1 in different experiments in fish culture. Application of different 
doses of compost did not show any difference in two different 
treatments and this may be attributed to instability of Nitrite-
nitrogen, which may change to Ammonia-nitrogen or Nitrate-
nitrogen through nitrification depending upon the other physico-
chemical parameters of water. J ena (1998) also did not find any 
significant difference in three different t reatments of fish culture 
and they attributed it to slower mineralisation rate and nitrification. 
Das et al. (2005) found that nitrification process was faster in the 
ponds where inorganic fertilisers are used followed by addition of 
poultry manure and cowdung. 
Nitrate-nitrogen (NO3-N) contents remained in very low range 
and varied from 0.01+0.01 mg/1 to 0.22±0.14 mg/1 (Table 6) with 
average values recorded as 0.08 mg/1 and 0.08 mg/1 in T-1 and T-II 
respectively. The values initially showed a decline till fourth week, 
followed by almost a steady pattern towards the end of experiment, 
in both the treatments (Fig. 4). The mean Nitrate-nitrogen values 
were not significant between two treatments. This may be due to 
utilisation of Nitrate-nitrogen by plankton and bacterial community. 
J e n a (1998) has observed Nitrate-nitrogen in the range of 0.19-0.81 
mg/1 in three different experiments and he also did not find any 
significant difference in the three treatments. Low levels of Nitrate-
nitrogen (0.017-0.021 mg/1; 0.0177-0.0365 mg/1) were also 
observed by Tripathi et al. (1993) in fry rearing experiments using 
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biogas slurry. Lower values of Nitrate-nitrogen may also be 
attributed to lower rate of mineralisation of compost, applied during 
experiment, as also observed by Banerjee et al. (1979) and Mohanty 
etal. (1994). 
Ammonia-nitrogen (NH4-N) showed wide fluctuations in 
different samples of both the treatments, but showed a similar 
trend irrespective of different levels of compost application (Fig. 4). 
The values varied from O.OliO.O mg/1 to 0.18±0.14 mg/1 in two 
treatments with average values as 0.08 and 0.06 mg/1 in T-I and T-
II respectively (Table 7). Mean values of Ammonia-nitrogen did not 
show any significant difference between treatments. Ammonia-
nitrogen was very low throughout the experiment in both 
treatments. This may be due slow mineralisation of compost applied 
during experiment. Mohanty et al, (1994) have also observed lower 
values of Ammonia-nitrogen in fish ponds, where organic manures 
were used. Tripathi et al. (1993) have also reported lower values of 
Ammonia-nitrogen in fry rearing experiments using biogas slurry. 
There were wide variations of phosphate-phosphorus (PO4-P) 
in both the treatments throughout the experiment (Fig. 4). The 
values were in the range of 0.02±0.00 mg/1 to 0.30±0.07 mg/1 in 
two treatments and mean values were 0.14 and 0.11 mg/1 in T-1 
and T-II, respectively (Table 7). Mean variations did not differ 
significantly between the treatments (Table 59). J e n a (1998) did not 
observe a significant difference in Phosphate-phosphorus content in 
three treatments of fish culture using organic manures . The 
availability of phosphorus in pond water depends on the organic 
matter contents of the pond bottom and microorganisms present in 
the system (Banerjee and Lai, 1990). The lower rate of Phosphate-
phosphorous may be due to slower rate of mineralisation of 
compost appHed. J a n a and De (1983) also observed low phosphorus 
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contents (0.05-0.15 mg/1) in fish culture experiments using organic 
manures . Das et al, (2005) have observed a faster increase in 
Phosphate-phosphorous in inorganic fertiliser treatments compared 
to those of organic manures and attributed it to longer process of 
decomposition of organic manures. 
The availability of nutrients was relatively less in this 
experiment as compared to earlier works (Tripathi et al, 1991; J ena 
et al., 1998 a Ss b) in fish culture ponds using organic manures . 
Nutrients did not show any significant correlation with the 
productivity. This may be due to low levels of nutrient release into 
the ponds. Radheshyam and Naik (1992) have reported significant 
correlation between nutrients and productivity. Tripathi et al. 
(1993) have reported lower amounts of different forms of nitrogen in 
different t reatments in ponds using cowdung and biogas slurry as 
manure . Singh and Handoo (1991) also could not establish any 
correlation between nutrients and productivity in ponds receiving 
sewage. 
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Table - 4 
Variations in Carbondioxide, Dissolved oxygen & Biological oxygen 
demand in fry rearing ponds using domestic garbage compost 
(Experiment-I) 
Weeks 
CO2 (mg/1) 
T-I T-II 
DO (mg/1) 
T-I T-II 
BOD (mg/I) 
T I T II 
I 2 0±0 0 3 7+2 6 7 5±1 8 6 7±0 5 
II 9 4±1 2 10 1±0 1 5 3+0 5 5 5±0 6 
III 4 0±0 0 4 7±1 2 5 3±0 2 5 4±0 0 
IV 5 0+10 5 Oil 0 6 7+0 8 7 1±0 6 
V 3 6±2 4 5 7±0 6 5 4±0 2 5 6±0 3 
VI 4 5±3 7 6 Oil 0 6 5+0 3 6 7+0 2 
VII 4 7+0 6 8 0+0 0 6 5 i0 1 6 3±0 3 
VIII 11 3 i 0 6 9 3 i l 2 5 8+0 0 5 0±0 2 
IX 7 3 i 0 6 13 7+0 4 6 3 i0 4 6 0±0 5 
X 5 6 + 1 3 4 4 i 0 5 7 0+0 6 6 4±0 2 
XI 8 7+1 2 10 0+0 0 6 OiO 6 5 5±0 8 
XII 9 3±0 6 8 7iO 3 6 4+0 0 6 1+0 5 
XIII 4 Oil 0 3 7 i l 1 4 2 i0 5 4 7+0 3 
5 3+0 9 
4 9+1 0 
3 7il 9 
4 0+2 1 
2 1+0 7 
1 7i0 1 
3 8+0 7 
4 OiO 4 
3 liO 5 
4 3±1 3 
3 OiO 3 
1 4+0 1 
2 Oil 0 
4 8i0 8 
7 3+4 7 
2 9+1 3 
3 3il 4 
1 9i0 8 
1 7i0 3 
3 3+0 8 
2 6il 2 
3 8i0 9 
5 4+0 9 
2 1+0 1 
1 8+0 2 
2 OiO 3 
Overall 
meaniSD 6 l i 3 4a 7 l i 3 O'* 6 0+10« 5 9 i 0 8a 3 l i l 5-> 3 l i 2 P 
Values are expressed as MeaniSD (n=3), Values of overall mean (n=39) with different 
superscripts differ significantly (P<0 05) (T I compost @ 10 t/ha, T II compost & 20 t/ha) 
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Table - 5 
Variations in Total Alkalinity, Total Hardness and Calcium in 
fry rearing ponds using domestic garbage compost 
(Experiment-I) 
Weeks 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
XI 
XII 
XIII 
Overall 
mean tSD 
AlkEilinity (mg/1) 
T-I 
100.0±0.0 
80.0+0.0 
90.0±0.0 
85.0±5.0 
73.3±7.5 
66.7±7.6 
75.0±5.0 
75.0±5.0 
68.3±7.6 
65.0±5.0 
62.3±2.5 
51.7±5.8 
98.312.9 
83.3±7.3a 
T-II 
93.30±5.8 
80.30±1.5 
88.30±2.9 
82.70±2.5 
76.70±5.8 
69.30±1.2 
76.70+5.8 
73.30±5.8 
68.30±7.6 
72.30±8.4 
65.7018.9 
60.0018.0 
111.701.7.0 
85.7017.8^ 
Hardness (mg/1) 
T-I 
98.317.2 
117.012.0 
102.716.8 
96.715.8 
91.013.6 
86.717.6 
88.3+2.9 
90.010.0 
78.317.6 
75.015.0 
81.712.9 
75.719.8 
80.010.0 
91.018.2^ 
T-II 
108.019.5 
122.715.5 
100.010.0 
96.7+5.8 
90.010.0 
88.312.9 
93.314 2 
89.013.6 
83.315.8 
83.315.8 
87.318.0 
83.717.5 
91.0+6.2 
94.8l9.0a 
Calcium 
T-I 
75.315.5 
88.317.6 
76.716.1 
74.315.1 
69.318 1 
66.319 3 
68.313 2 
68.712.3 
61.314.2 
59.714 5 
65.013.0 
58.315.9 
62.312.1 
69.818 83 
(mg/1) 
T-II 
83.317.6 
89.317.6 
81.318.1 
80.719.0 
72.010.0 
69.311.2 
71.312.3 
68.012.0 
64.711.2 
64.711.2 
69.317.6 
66.018.0 
71.317.2 
74.0l8.0a 
Values are expressed as Mean+SD (n=3); Values of overall mean (n=39) with ditTerent superscripts 
differ significantly (P<0.05). (T-I: compost @ 10 t/ha; T-II: compost Cct, 20 t/ha) 
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Table - 6 
Variations in Nitrite-nitrogen and Nitrate-nitrogen in 
fry rearing ponds using domestic garbage compost 
(Experiment-I) 
Weeks 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
XI 
XII 
XIII 
Overall 
mean tSD 
Nitrite-nitrogen (mg/I) 
T-I 
0.06±0.02 
0.04±0.02 
0.04±0.02 
0.05±0.01 
0.07±0.03 
0.05±0.01 
0.05±0.01 
0.02±0.01 
0.01±0.02 
0.01±0.02 
0.0110.01 
O.OliO.Ol 
0.05±0.07 
0.04±0.03^ 
T-II 
0.03±0.01 
0.0210.01 
0.03+0.02 
0.0210.02 
0.0410.00 
0.0210.02 
0.0310.00 
0.0110.01 
0.0210.01 
0.0210.02 
0.0210.00 
0.0210.00 
0.0210.00 
0.0210.04« 
Nitrate-ni 
T-I 
0.1810.05 
0.1510.09 
0.1510.18 
0.0510.04 
0.0710.03 
0.0710.05 
0.0510.02 
0.0910.04 
0.0810.02 
0.1010.01 
0.0210.01 
0.0310.01 
0.0110.01 
0.0810.07« 
itrogen (mg/1) 
T-II 
0.1210.02 
0.14+0.08 
0.22+0.14 
0.1010.07 
0.0410.00 
0.0710.02 
0.09+0.04 
0.0710.02 
0.0510.00 
0.13+0.07 
0.02 to.01 
0.0310.00 
0.02+0.00 
0.08±0.08« 
Values are expressed a s Mean±SD (n=3); Values of overall mean (n=39) with different 
superscripts differ significantly (P<0.05). (T-I: compost @ 10 t / ha ; T-Il: compost fu 20 
t /ha) 
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Table - 7 
Variations in Ammonia-nitrogen and Phosphate-phosphorus 
in fry rearing ponds using domestic garbage compost 
(Experiment-I) 
Weeks 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
XI 
XII 
XIII 
Overall 
mean lSD 
Ammonia-] 
T-I 
0.17±0.12 
0.10+0.06 
0.03±0.04 
0.0210.02 
0.18±0.14 
0.0410.02 
0.0910.06 
0.0510.01 
0.11+0.04 
0.0910.03 
0.0610.05 
0.04+0.03 
0.06+0.08 
0.08±0.07^ 
nitrogen (mg/1) 
T-II 
0.1210.20 
0.0810.06 
0.0210.01 
0.0110.00 
0.1410.10 
0.04+0.02 
0.0610.02 
0.0410.01 
0.0510.02 
0.1410.08 
0.0910.13 
0.0210.00 
0.0210.00 
0.0610.06-' 
Phosphate-phosphorus (mg/1) 
T-I 
0.25+0.23 
0.09+0.01 
0.0310.02 
0.1410.08 
0.25+0.03 
0.0510.03 
0.0810.03 
0.2010.11 
0.11+0.04 
0.2810.07 
0.2310.06 
0.04+0.01 
0.1310.02 
0.14+0.11-' 
T-II 
0.10+0.05 
0.08+0.03 
0.02+0.00 
0.03+0.01 
0.25+0.06 
0.0410.02 
0.07±0.01 
0.06+0.02 
0.10+0.02 
0.25+0.08 
0.30+0.07 
0.0410.01 
0.14+0.02 
0.11+0.1 ^ 
Values are expressed as MeanlSD (n=3); Values of overall mean (n=39) with different 
superscripts differ significantly (P<0.05). (T-1: compost @ 10 t/ha; T-II: compost (a 20 
t/ha) 
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Fig. 2 
Weekly variations in Carbondioxide, Dissolved oxygen 
and Biological oxygen demand (BOD) 
(Experiment-I) 
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Fig. 3 
Weekly variations in Total Alkalinity, Total Hardness and Calcium 
(E^periment-I) 
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Fig. 4 
Weekly variations in Nitrite-nitrogen and Nitrate^'ixitrc^^ 
(E^periment-I) 
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Fig. 5 
Weekly variations in Ammonia-nitrogen and 
Phosphate-phosphorus 
Ammonia-nitrogen (NH4-N) 
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78 
4 .2 .2 . Plankton 
Plankton productivity is very much important in nursery 
rearing ponds. Phytoplankton population showed wide fluctuations 
throughout the experimental period (Fig. 6). The population varied 
from 260±19 nos . /ml to 892±274 nos. /ml in two treatments and 
the overall mean values were found to be 488 nos . /ml and 490 
nos . /ml in Treatment-I and Treatment-II, respectively (Table 8). 
Monthly variations in major groups of phytoplankton are shown in 
Fig. 7, whereas overall mean composition of the phytoplankton is 
given in Fig. 8. In both the treatments, the phytoplankton were 
dominated by Myxophyceae followed by Bacillariophyceae, 
Desmidiaceae, Chlorophyceae and Euglenophyceae (Table 9). 
Zooplankton counts showed a gradual decline from the 
beginning and it continued till the end of the experiment in both 
treatments (Fig. 6). The values were in the range of 92±18 nos./l to 
679±162 nos . / l in two treatments with mean values as 213 nos./l 
and 253 nos . /ml in T-I and T-II, respectively (Table 8). Monthly 
variations of major groups of zooplankton are given in Table 10 and 
Fig. 9. Overall mean composition of the zooplankton is given in Fig. 
10 showing rotifers as the dominant group, followed by nauplii 
larvae, copepods, cladocerans and ostracods in both the treatments. 
Janak i ram et al. (1988) and Tripathi et al. (1991) have 
reported similar observations from freshwater aquacul ture ponds 
using organic manures . No significant correlation could be 
established between phytoplankton and primary productivity in 
both the treatments. This indicates that apart from phytoplankton, 
autotrophic bacteria may also be playing a role in primary 
productivity. Ayyappan et al. (1991) reported the role of 
allochthnous material and bacteria in primary productivity. 
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Radheshyam and Naik (1992) have reported very highly significant 
correlation between phytoplankton and primary productivity in 
newly constructed pond during first year, but in the second year, 
the correlation was not significant in the same pond. Zooplankton 
also did not show any correlation with phytoplankton in different 
t reatments. The possible reason is, apart from phytoplankton, 
zooplankton might be depending on detritus and bacteria as feed. 
Tripathi et al. (1993) observed difference in zooplankton 
productivity in detrital food chain where organic manures are used. 
Olah et al. (1987) and Ghosh (1998) have also reported grazing of 
zooplankton on detritus in fish culture ponds where organic 
manures were used. 
4 .2 .3 . Primary productivity 
Gross primary productivity in the two treatments were in the 
range of 1.10±0.20 gC/m3/d to 2.47±0.40 gC/m3/d (Table 11) and 
showed wide fluctuation during different days of samplings (Fig. 10) 
with overall mean values as 1.65 gC/m^/d and 2.01 gC/m^/d in 
Treatment-1 and Treatment-II, respectively. These values are lower 
than that of the tropical ponds as reported by Tripathi et al. (1991). 
Sreenivasn (1972) and Olah et al. (1986) have also reported similar 
productivity values from the ponds receiving organic manures . The 
gross productivity values in Treatment-II with provision of 20 
tonnes compos t /ha /yr was significantly higher over Treatment-I 
with 10 tonnes compost /ha /yr (Table 59). Higher productivity may 
be due to higher amount of organic manure in terms of compost. 
Singh and Handoo (1991) have also recorded higher gross 
production upto 13.15 gC/m^/d in ponds receiving organic matter. 
The net primary productivity ranged between 0.46±0.30 
gC/m3/d to 1.65±0.10 gC/m^/d (Table 11). It also showed wide 
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fluctuations in different months (Fig. 11). Community respiration 
also showed wide fluctuations in different months with values 
ranging from 0.23+0.0 gC/m3/d to 1.59±0.60 g C / m ^ d (Table 11; 
Fig. 11). Mean net primary productivity values were recorded as 
0.97 gC/m^/d and 1.13 gC/m^/d and for community respiration 
the values were 0.69 gC/m3/d and 0.88 gC/m3/d in T-I and T-II 
respectively. J a n a and De (1988) and Ayyappan et al. (1990b) have 
also reported net primary productivity and community respiration 
values in similar ranges in organically manured fish culture ponds. 
4.2 .4 . Bacterial Coenosis 
Heterotrophic bacterial community mineralises the organic 
matter to release nutrients, which are utilised by plankton for 
productivity in aquatic ecosystems (Schroeder, 1978; J a n a and De, 
1983). In the present experiment, the heterotrophic bacterial count 
in water showed almost uniform pattern in both the treatments 
(Fig. 12) throughout the experiment, with no significant difference 
between them (Table 59). The heterotrophic bacterial counts in 
water ranged from 0.39x10^ cfu/ml to 24.80x10^ cfu/ml in two 
treatments (Table 12). There was a spurt on heterotrophic bacterial 
count in fourth week, which declined subsequently and kept a 
steady pattern till the end of the experiment. Ayyappan et al. (1991) 
have recorded heterotrophic bacteria in water in the range of 0.51-
9.0x103 cfu/ml in different experiments using organic manures . In 
the sediments, however, wide fluctuations were recorded between 
the sampling period and the treatments (Fig. 12). The mean values 
of heterotrophic bacteria in the sediments ranged from 1.58x10^ 
cfu/g to 37.9x105 cfu/g (Table 12). Ayyappan et al. (1991) have also 
observed heterotrophic bacteria in sediments in the range of 0.36-
12.27x10^ cfu/ml in different experiments using organic manures, 
which is higher than the present observation. In the present 
experiment, no significant correlation could be established between 
nutr ients and heterotrophic bacterial count. This may be due to 
utilisation of nutrients by plankton and sedimentation of nutrients. 
Rappaport et al. (1979) have also reported similar observations in 
fish farming experiments where organic manures were used. 
Health aspect is very important for growing fish using waste 
materials (WHO, 1989), therefore, total coliform count was taken 
into consideration in the present experiment. Total coliform 
bacterial count in water showed a spurt during fourth and fifth 
week, stabilising thereafter till the end of the experiment. Both 
treatments had a uniform pattern of variation in the case of total 
coliforms (Fig. 13). The coliform counts were in the range of 
1.18x103 cfu/ml to 44.9x103 cfu/ml in two treatments (Table 12). 
Total coliform bacterial counts in sediments were in the range of 
0.29x103 cfu/g to 79x103 cfu/g in two treatments (Table 12). In 
spite of wide variations between the minimum and maximum 
values, the mean variation of total coliforms in both the treatments 
did not show significant difference. Both the t reatments showed 
almost a uniform pattern in total coliform counts through out the 
study (Fig. 13). The mean values of total coliforms were less as 
compared to the observations of Bhowmik and Chakrbarti (2000) 
made in the ponds receiving sewage. The lower values of total 
coliforms may be due to the usage of composted material as organic 
manure . Panikkar and Riley (2003) and Panikkar et al. (2004) have 
observed that bacterial counts tend to decrease during composting 
due to generation of heat in compost. 
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Table - 8 
Variations in phytoplankton and zooplankton in fry rearing 
ponds using domestic garbage compost 
(Experiment-I) 
Weeks 
I 
11 
II 
IV 
V 
VI 
VII 
VIII 
IX 
X 
XI 
XII 
XIII 
Overall 
meanlSD 
Phytoplankton (no./ml) 
T-I 
551±432 
280±52 
490±92 
808±167 
479+27 
625:c394 
342±82 
892+274 
364±23 
276±37 
372±43 
395±16 
717±149 
488+253^ 
T-II 
264±77 
353±I15 
520±103 
759+175 
776±143 
622+19 
260±19 
765±190 
459±58 
353±35 
414±21 
452±14 
691±30 
490±213a 
Zooplankton ( 
T-I 
633±42 
236±89 
268±246 
234±119 
198±46 
187+24 
124+76 
127±40 
110±2 
120±38 
139±37 
136±21 
210±42 
213±148a 
no./L) 
T-Il 
679+162 
559±22 
302±20 
282±92 
384->72 
264±24 
92+18 
94±23 
114±43 
82+15 
103±4 
135+7 
179±12 
253+1853 
Values are expressed as MeanlSD (n=3); Values of overall mean (n=39) with different 
superscripts differ significantly (P<0.05). (T-I: compost @ 10 t/ha; T-II: compost (y 20 
t/ha) 
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Table - 9 
Variations and monthly mean composit ion of major groups of 
phytoplankton (nos./ml) in fry rearing ponds 
using domestic garbage compost 
(Experiment-I) 
Treatment-I ^ " 1" ^^ "^  '^^ ^^^ ^"^ ^^ ^ ^ ' ^ " ^"^ ^ ^ ^ 
Myxophj/ceae 
Chlorophyceae 
312 96 203 362 220 363 127 364 181 137 159 176 289 230 
74 39 57 73 41 36 16 53 31 27 31 29 75 45 
Bacillariophyceae 89 117 164 251 104 99 81 168 83 58 92 91 157 120 
Desmidiaceae 47 25 61 92 63 82 57 192 49 43 72 82 135 77 
Euglenophyceae 29 3 5 30 51 45 61 115 20 11 18 17 61 36 
-potaj 551 280 490 808 479 625 342 892 364 276 372 395 717 507 
Treatment-II 
Myxophyceae 
Chlorophyceae 
Bacillariophyceae 
Euglenophyceae 
64 125 226 364 311 293 121 304 257 178 177 210 240 221 
29 48 53 59 67 39 15 61 44 21 29 32 69 44 
120 103 117 148 142 111 58 145 93 82 99 110 165 115 
Desmidiaceae ^3 67 96 137 153 110 46 135 65 72 97 93 155 98 
8 10 28 51 103 69 20 120 0 0 12 7 62 38 
Xotal 264 353 520 759 776 622 260 765 459 353 414 452 691 514 
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Table - 10 
Variations and monthly mean composition of major groups of 
Zooplankton (nos./L) in fry rearing ponds 
using domestic garbage compost 
(Experiment-I) 
Treatment-I I II III IV V VI VII VIII IX X XI XII XIII Mean 
Rotifera 
Copepoda 
Caldocera 
Ostracoda 
Nauplii larvae 
Total 
338 70 176 137 88 83 85 55 33 26 34 37 63 94 
25 103 18 19 24 32 12 26 42 35 38 31 61 36 
107 4 12 13 29 8 3 9 8 14 18 17 31 21 
25 5 2 0 5 0 0 0 0 0 0 0 0 3 
138 54 60 65 51 64 24 38 27 45 49 51 55 55 
633 236 268 234 197 187 124 128 110 120 139 136 210 209 
Treatment-II 
Rotifera 
Copepoda 
Caldocera 
Ostracoda 
Nauplii larvae 
Total 
257 200 169 137 188 103 46 37 49 16 24 41 57 102 
165 150 58 23 36 74 10 14 31 26 27 25 38 52 
48 37 10 10 47 26 3 4 9 4 13 16 19 19 
5 7 2 0 5 1 0 0 0 0 0 0 0 2 
204 165 63 112 108 60 33 39 25 36 39 53 65 77 
679 559 302 282 384 264 92 94 114 82 103 135 179 251 
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Fig. 6 
Weekly variations in major groups of 
Phytoplankton and Zooplankton 
(Experiment-I) 
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Fig. 7 
Weekly variations in composition of 
major groups of Phytoplankton 
(Experiment-I) 
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Fig. 8 
Mean composition of major groups of phytoplankton 
(Experiment-I) 
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Fig. 9 
Weekly variations in composition of 
major groups of Zooplankton 
(Experiment-I) 
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Fig. 10 
Mean composition of major groups of Zooplankton 
(Experiment-I) 
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Table - 11 
Variations in primary productivity in fry rearing ponds 
using domestic garbage compost 
(Experiment-I) 
GPP (g C/m3/d) 
T-I T-II 
NPP (g C/m3/d) 
T-I T-II 
C R ( g C / m V d ) 
T-I T-II 
I 2.05+0.71 2.11±0.67 1.28±0.20 1.25±0.31 0.78±0.5 0.92±0.27 
II 1.60±0.60 1.58±0.60 1.20±0.60 1.05±0.50 0.40±0.1 0.52+0.30 
II 2.00±0.80 2.23±0.30 1.40±0.90 1.35±0.60 0.60±0.3 0.88±0.50 
IV 1.40±0.20 2.47±0.40 1.10±0.30 1.43±0.90 0.30±0.1 1.04x1.00 
V 1.20±0.10 1.84±0.10 0.90+0.20 1.65+0.10 0.30±0.1 0.23±0.00 
VI 1.10±0.20 1.73±0.50 0.80±0.30 0.98±0.70 0.40+0.1 0.75±0.30 
VII 1.70±0.10 1.50±0.30 0.80±0.50 0.90±0.60 1.0±0.6 0.60+0.30 
VIII 1.70±0.10 1.64±0.40 1.50±0.10 1.01±0.60 0.3+0.1 0.63+0.20 
IX 2.40+0.80 2.36+0.60 1.00±0.50 1.42±0.10 1.4±0.5 0.94+0.50 
X 1.70±1.00 2.05±0.70 0.50±0.40 0.46±0.30 1.2±0.8 1.59±0.60 
XI 1.40+0.30 2.20+0.90 0.60±0.30 0.75±0.70 0.8±0.5 1.45±0.50 
XII 1.90±0.90 2.10+0.30 0.80+0.30 1.10±0.30 1.1±0.8 1.00±0.20 
XIII 1.30±0.20 2.30±0.50 0.90±0.00 1.40+0.20 0.4±0.2 0.90±0.30 
Overall 
mean 
1.65±0.60" 2.01±0.53« 0.97±0.45a 1.13±0.53=> 0.69±0.52=' 0.88+0.52« 
Values are expressed as Mean+SD (n=3); Values of overall mean (n=39) with different 
superscripts differ significantly (P<0.05). (T-I: compost (a 10 t/ha; T-II: compost («. 20 t/ha) 
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Fig. 11 
Weekly variations in Primary productivity 
(Experiment-I) 
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Table - 12 
Variations in Total Heterotrophic bacteria and Total Coliform 
bacteria in fry rearing ponds using domestic garbage compost 
(Experiment-I) 
Weeks 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
XI 
XII 
XIII 
Mean 
±SD 
Total Heterotrophic 
Water 
cfuxl03/ml 
T-I 
1.63 
3.16 
7.60 
24.80 
7.51 
3.93 
3.89 
3.30 
5.30 
2.97 
3.57 
1.38 
2.12 
5.47 
±6.12« 
T-II 
1.55 
1.40 
4.58 
18.00 
3.86 
5.26 
1.53 
1.80 
2.46 
2.18 
0.39 
1.74 
2.00 
3.60 
±4.54" 
bacteria 
Sediment 
cfuxl05/g 
T-I 
8.33 
2.50 
15.60 
10.70 
21.40 
6.06 
10.20 
3.60 
11.10 
29.00 
5.84 
2.88 
16.80 
11.08 
±7.85" 
T-II 
2.27 
1.05 
18.50 
31.40 
37.90 
14.80 
19.70 
1.58 
2.66 
14.70 
4.35 
3.23 
2.28 
11.88 
±12.26'' 
Total Coliform bacteria 
Water 
cfuxl02/ml 
T-I 
7.20 
2.10 
8.00 
44.90 
25.90 
3.75 
3.85 
2.53 
5.75 
7.83 
6.80 
6.20 
5.01 
9.99 
±12.08" 
T-II 
2.00 
1.18 
20.00 
40.60 
16.20 
5.60 
5.80 
5.45 
4.50 
5.63 
5.25 
5.55 
5.15 
9.45 
' ±10.75« 
Sediment 
cfuxlC 
T-I 
7.77 
18.5 
26.7 
35.9 
32.8 
30.1 
22.5 
1.03 
2.03 
3.80 
2.48 
2.62 
2.53 
14.52 
±13.51" 
'Vg 
T-II 
12.30 
18.00 
21.80 
79.00 
16.08 
5.63 
0.46 
2.23 
0.29 
0.43 
0.45 
0.54 
0.40 
12.12 
±21.56" 
Mean with different superscripts differ significantly (P<0.05). (T-I: compost @I0 t'ha; T-ll: compost @ 20 
t/ha) 
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Fig. 12 
Weekly variations in Total Heterotrophic bacteria 
in water and sediment 
(Experiment-I) 
30 
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Fig. 13 
Weekly variations in total Coliform bacteria 
in water and sediment 
(E^periment-I) 
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4.2.5 . Fry rearing, survival and production 
An evaluation of domestic garbage compost as a manure for 
fry rearing of Indian major carps was done. The data on growth, 
survival and production is given (Table 13). In Treatment-I, the 
survival rate of fishes was, catla 39.3±24.9%, rohu 25.3±7.5%, and 
mrigal 58.4±11.9% and that of Treatment-II was catla 84.1±13.2%, 
rohu 42.9±7.2%, mrigal 69.6±2.5%. The overall survival rate was 
41.0113.1% and 65.5±4.3% in Treatment-I and Treatment-Il 
respectively. In both the treatments rohu had the lowest survival 
rate. The overall survival rate of fishes showed a significant 
difference between two treatments (Fi,i7=6.791; P<0.02). 
Specific growth rate of fishes was found to be 3.4±0.57% 
(catla), 2.7±0.07% (rohu) and 3.6±0.10% (mrigal) in Treatment-I and 
2.9±0.19% (catla), 2.5±0.27% (rohu) and 3.7+0.01% (mrigal) in 
Treatment-II. In both the treatments, rohu showed lower specific 
growth rate. However, there was no significant difference on overall 
specific growth rate of fishes between different treatments 
(Fi,17=0.751; P>0.05). 
In the present experiment, the mean survival rates of fishes 
were significantly different in two treatments (Fl, 17=6.791; P>0.05). 
Higher survival and growth in T-II may be attributed to high carbon 
input through compost. Tripathi et al. (1991) reported higher 
survival rate of fry in ponds using processed organic manure. 
Sharma (1974) and Bhowmick et al. (1991) have reported a higher 
survival rates for carp fry from the ponds manured with organic 
fertilisers and inorganic fetilisers, respectively. J e n a et al. (1998 b) 
reported survival rate of fry of catla as 33-61.6%, rohu as 34.6 -
67.8% and mrigal as 40.6 - 69.9% under different densities of 
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stocking. Singh (1996) and Jena et al. (1998 a) reported high SGR 
in fry rearing experiments using supplementary feeds. 
4.2.6. Energy transfer and Production efficiency 
Average incident solar radiation energy during the study 
period (July-September) was 2502.7 kcal /m^/d. The energy 
transfer through photosynthesis and conversion efficiencies were 
computed and presented in Table 11. Average photosynthetic 
production values, in terms of energy, in two treatments were 16.50 
kcal /m2/d and 20.10 kcal /m^/d in Treatment-I and Treatment-II, 
respectively during the study period. Transfer of solar energy 
through photosynthesis were 0.66% in Treatment-I and 0.80% in 
Treatment-II. 
Average fish production per day was calculated and found to 
be 0.2203 g m2/d in Treatment-I and 0.3026 g m ^ d in Treatment-II 
and in terms of carbon it was 0.026 g C/m^/d and 0.036 g C/m^/d 
in Treatment-I and Treatment-II respectively. 1.60% of 
photosynthetic energy was transformed to fish production in 
Treatment-I and 1.81% in Treatment-II (Table 14). Slightly higher 
efficiency was observed in Treatment-II. The solar energy transfer to 
fish production was 0.011% in the pond using compost at the rate 
of 10 t / h a / y r and 0.015% in the pond using compost at the rate of 
20 t / h a / y r . 
As manure , carbon input was 0.067 g m^/d and 0.133 g 
m^/d in T-I and T-II, respectively. The total carbon input, including 
photosynthetic production, were 1.717 g C/m2/d and 2.143 g 
C/m2/d and conversion efficiencies of fish production by carbon 
input were 1.48% and 1.75% in T-I and T-II, respectively. In this 
experiment, the photosynthetic production efficiency values were 
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found to be higher than those reported by Radheshyam and Naik 
(1992) for new ponds, where no manure was added. The higher 
energy transfer efficiency might be due to higher input of carbon in 
compost added pond. Ayyappan et al. (1990b) have also reported 
higher rate of production efficiencies in fish culture ponds where 
organic manures were used. 
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Table - 13 
Mean fish weight, survival, SGR and biomass harvested in fry rearing 
ponds using domestic garbage compost 
(Experiment-I) 
Species Nos Biomass Nos 
stocked stocked (g) Harvested 
Survival Mean fish o p p / o / \ Biomass 
(%) weight (g) harvested (g) 
Treatment-I 
CaUa 
Rohu 
Mrigal 
C+R+M 
750 
750 
750 
2250 
Treatment-II 
Catla 
Rohu 
Mrigal 
C+R+M 
750 
750 
750 
2250 
139 
217 
124 
480 
139 
217 
124 
480 
295±187 39.3±24.9 5.1±2.68 3.4r0.57 1227±219.4 
190±56 25.3+7.5 3.7+0.27 2.7r0.07 697±166.3 
438±89 58.4±11.9 4.7±0.46 3.6z0.10 2097±646.1 
922±294b 41 .0113 .P 4.5±0.71" 3.2r0.16« 4020+727.6" 
631±99 84.1±13.2 2.8±0.54 2.9=0.19 1791±527.7 
322±54 42.9±7.2 3.0±0.85 2.5:0.27 10011432.3 
522±19 69.612.5 5.2i0.03 3.7=0.01 27301112.7 
1474+97^ 65.514.3a 3.710.32" 3.0x0.09^ 55221606.2" 
Values are expressed as Mean±SD (n=3); Values of mean with different superscripts differ 
significantly in a column. (T-I: compost @10 t/ha; T-II: compost dr 20 t/ha) 
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Table - 14 
Photosynthetic Energy fixation, transformation and 
Fish production efficiency levels in fry rearing ponds 
using domestic garbage compost 
(Experiment-I) 
1) Location of the study (Latitude) 
2) Total visible radiation, K cal /m-7 d 
20" 11 25 N 
2502 7 
3) Photosynthetic production 
a) O2, g/m2/d 
b) Carbon, g/m^/d 
c) Energy K cal /m^/d 
T-1 T II 
4 42 
1 65 
16 50 
5 35 
2 01 
20 10 
4) Conversion efficiency (%) 0 66 0 80 
5) Fish production 
a) Kg/ha /yr 
b) g / m ^ d 
c) Energy, Kcal/m^/d 
804 0 
0 2203 
0 2643 
1104 4 
0 3026 
0 3631 
6) Conversion of energy (%) 
a) Fish/photosynthetic 
b) Fish/ light 
1 60 
0 Oi l 
1 81 
0 015 
7) a) Photosynthetic production g C/m^/d 
b) Carbon input as manure, g C/m^/d 
c) Total carbon input (a+b), g C/m^/d 
d) Fish production, g C/m^/d 
1 65 
0 067 
1 717 
0 026 
2 01 
0 133 
2 143 
0 036 
8) Conversion efficiency (%) 
a) Fish/Photosynthetic production 
b) Fish/ total carbon input 
1 60 
1 48 
1 81 
1 75 
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Experiment-II 
4 .3 Use of sewage, compost and cowdung as manure for 
fingerling rearing and its production efficiency 
An experiment was conducted to study the efficacy of sewage, 
domestic garbage compost and cowdung on fingerling rearing of 
major carps. The treated sewage (T-I), compost (T-II) and traditional 
manure , cowdung (T-III) were used for the experiments. The water 
quality parameters, fish growth, production rate, and production 
efficiency, as compared to incident solar energy, and photosynthetic 
production were studied. 
4.3.1 Physico-chemical Parameters of water 
The water temperature varied from 21.2±0.3°C to 29.7±0.3°C 
in different treatments during the study period (Table 15). The trend 
in water temperature was found to be uniform throughout the study 
period (Fig. 14). In fingerling rearing experiments, mean water 
temperature were 25.7 "C, 26.0 °C and 25.8 oC in T-1, T-II and T-III, 
respectively. Almost similar values were reported by Jena et at 
(1998 b & 1999) in fry rearing ponds. Aravindakshan ef al. (1997) 
reported mean temperature in fingerling rearing ponds as high as 
30.5 oC. Temperature did not show any significant difference 
between the treatments (Table 60). This indicates that application of 
different manures did affect water temperature. Though 
temperature is an important factor for productivity, in the present 
study it did not show any significant relationship with productivity 
in different treatments. This may be due to availability of radiation 
in higher than the required quantity for productivity (Wetzel, 1983). 
Basheer et al. (1996) have also reported insignificant correlation 
established between temperature and primary productivity in a 
sewage fed pond. 
Secchi disc transparency was in the range of 10.3±0.6 cm to 
52.0±4.0 cm in different treatments (Table 15). In the first fortnight, 
transparency was found to reduce, but later, it increased above 20 
cm and kept a uniform pattern till the end of experiment, except in 
Treatment-I, where there was an increase in transparency in the 
third, fourth and fifth fortnights (Fig. 14). Analysis of variance 
showed significant variations in transparency levels in different 
t reatments (F2,ii6 = 11.06; P<0.001). 
Transparency of water is mostly dependent on the available 
light and suspended matter in the water. The mean transparency 
values were found to be 33.8, 25.5, and 26.6 cm in T-I, T-II and T-
III, respectively. The transparency values of T-Il and T-lIl showed 
significant difference from that of T-I. The lower transparency 
values in T-II and T-III may be attributed to suspended organic 
matter, which are added time to time as manure. Aravindakshan et 
al. (1997) have reported transparency values in the range of 25 - 30 
cm in carp fingerling rearing ponds where organic manures were 
used. Transparency values did not show significant correlation 
with productivity. It may be attributed to the organic suspended 
matter that caused the transparency in the ponds. Iqbal et al. 
(1988) have reported an insignificant correlation between 
transparency and productivity in a Jheel at Aligarh receiving 
organic matter in the form of sewage. Ghosh (1998) also reported 
lower transparency in organically manured pond and could not 
establish any relation with productivity. 
pH was in the range of 7.7±0.1to 8.4+0.2 in different 
t reatments (Table 14). Fluctuations were noted in pH of water in all 
the t reatments (Fig. 14), which were significantly different in 
different treatments (F2,ii6 = 8.826; P<0.001). Mean pH of the 
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Treatment-II was significantly higher than Treatment-I and 
Treatment-Ill (Table 60). Wide fluctuations were observed in 
carbondioxide levels ranging from 0.0 mg/1 to 12.7±0.3 mg/1 in 
different t reatments throughout the experiment (Fig. 15, Table 16). 
Higher concentration of carbondioxide was present in T-I and it 
significantly differed from other treatments (Table 60). The higher 
carbondioxide in T-I may be attributed to the presence allochthnous 
materials, such as roots and decayed leafs of duckweeds, along with 
the sewage. Ghosh (1998) has reported a higher carbondioxide level 
in a swamp where detritus quantity was higher. Like wise, pH was 
less in T-I and showed significant difference with other treatments. 
The average values of carbondioxide were 6.3, 2.9 and 4.0 mg/1 in 
T-I, T-II and T-III, respectively and that of pH were 8.0, 8.2 and 8.1. 
J e n a et al. (1998 b) have recorded pH in the range of 7.4-8.15 in 
Indian major carps and exotic carps fingerling rearing ponds, 
whereas Aravindakshan et al. (1997) have recorded pH in the range 
of 7.22-7.61 and free carbondioxide 0-8 mg/1. In the present 
experiment, the observations made in pH and carbondioxide were 
comparable to the above observations. 
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Table - 15 
Variations in Temperature and Transparency in flngerling 
rearing ponds using sewage, compost and cowdung 
(Experiment-II) 
Weeks 
Temperature (°C) Transparency (cm) 
T-I T-II T-III T-I T-II T-III 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
XI 
XII 
XIII 
Overall 
mean lSD 
28.1+0.1 28.3±0.2 28.0±0.0 37.3+3.1 42.7+8.1 46.0+5.3 
25.0±3.5 27.0±0.0 27.0±0.0 25.7±6.5 10.3+0.6 15.3±3.1 
25.1+0.2 24.9±0.1 25.410.9 35.3+5.0 26.3±6.7 
26.0±0.0 25.9±0.1 25.3±1.0 50.0±2.0 29.0±3.6 
25.0±0.0 25.0±0.0 24.3±1.2 52.0±4.0 28.7±3.1 
21.210.3 21.7+0.3 21.510.5 33.0+1.7 23.3+3.2 
34.0+7.0 
34.3+6.0 
23 3+4.9 
26.3+4.0 
23.210.3 23.010.0 23.210.3 32.712.5 27.011.0 25.012.6 
24.010.0 23.910.1 24.210.3 28.310.6 30.711.2 22.310.6 
25.210.3 25.010.0 25.310.3 27.012.0 25.012.0 28.010.0 
27.210.3 27.510.0 27.0+0.0 32.012.0 26.3+2.1 24.012.0 
28.310.6 28.210.3 28.210.3 34.011.0 28.311.5 28.312.5 
27.110.1 27.4+0.2 27.210.0 25.311.2 14.712.5 18.012.0 
29.310.3 29.710.3 29.010.0 26.712.3 19.311.5 20.713.1 
25.712.4-' 26.012.3'< 25.8l2.2« 33.8+8.7^ 25.518.2^ 26.618.4'' 
Values are expressed as MeanlSD (n=3); Values of overall mean (n=39) with different 
superscripts differ significantly (P<0.05). (T-I: Sewage ^i 35 m^/week T-II: compost & 20 
t /ha/yr & T-III: cowdung@ 20 t/ha/yr) 
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Table - 16 
Variations in pH and Carbondioxide in fingerling rearing 
ponds using sewage, compost and cowdung 
(Experiment-II) 
Weeks 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
XI 
XII 
XIII 
Overall 
mean±SD 
T-I 
7.7+0.1 
8.1±0.1 
7.9±0.1 
8.0±0.0 
8.1±0.2 
8.0±0.2 
7.9±0.2 
8.1+0.3 
8.1±0.1 
8.0±0.0 
7.8±0.I 
B.OtO.l 
8.1±0.1 
8.0±0.2« 
pH 
T-II 
8.1±0.4 
8.3±0.2 
7.9+0.1 
8.0+0.1 
8.2+0.1 
8.3±0.1 
8.2±0.1 
8.2+0.0 
8.2±0.0 
8.2±0.I 
8.2+0.2 
8.3+0.1 
8.2±0.0 
8.2+0.21' 
T-III 
8.1±0.1 
8.1±0.0 
7.8±0.2 
8.010.1 
7.9±0.2 
8.1±0.4 
7.9±0.3 
8.0+0.1 
8.1±0.1 
8.2±0.0 
8.3±0.2 
8.4±0.2 
8.3±0.1 
8.110.2" 
T-I 
O.OiO.O 
5.3+3.5 
5.7±0.2 
3.010.0 
3.3+0.0 
6.0+0.3 
7.3+0.3 
7.310.0 
8.010.3 
12.710.3 
12.0+0.6 
8.0+0.1 
2.7+0.3 
6.3i4.3'> 
CO2 (mg/I) 
T-II 
O.OIO.O 
5.710.0 
7.710.1 
3.310.1 
3.310.0 
1.310.3 
0.710.0 
2.710.1 
4.010.0 
4.710.0 
1.310.3 
0.7+0.2 
2.710.3 
2.9+2.4" 
T-III 
0.710.1 
5.010.0 
5.310.9 
2.111.0 
4.711.2 
2.010.5 
5.010.3 
7.310.3 
12.010.3 
6.010.0 
0.710.3 
1.310.0 
0.110.0 
4.014.1" 
Values are expressed as Mean+SD (n=3); Values of overall mean (n=39) with different 
superscripts differ significantly (P<0.05). (T-I: Sewage @ 35 m3/week T-II: compost (a), 20 
t / h a / y r & T i l l : cowdung (<? 20 t /ha /yr ) 
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Fig. 14 
Fortnightly variations in Temperature, 
Transparency and pH 
(E^eriment-II) 
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Fig. 15 
Fortnightly variations in Carbondioxide, Dissolved oxygen 
and Biological oxygen demand 
(Experiment-II) 
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Dissolved oxygen did not show much variations and followed 
a similar pattern between different t reatments throughout the 
experiment (Fig. 15). It varied from 6.0±1.5 mg/1 to 8.6±3.Img/l in 
different treatments (Table 17). The mean values of the dissolved 
oxygen were 7.5 mg/1, 7.6 mg/1 and 7.4 mg/1 in T-I, T-II and T-III, 
respectively. Dissolved oxygen above 5.0 mg/1 is desirable for fish 
culture (Jhingran, 1991). Higher dissolved oxygen may be 
attributed to phytoplankton presence in the ponds. Ayyappan et al. 
(1998) have observed higher oxygen content in integrated fish 
farming ponds where phytoplankton was higher. Ghosh (1998) 
opined that some times higher dissolved oxygen might be due to 
high wind action in the ponds. 
Biological oxygen demand (BOD) varied from 1.47±0.1mg/l to 
4.80±0.1mg/l in different treatments (Table 17). It showed a 
declining trend initially, then increased on fourth fortnight but later 
showed a fluctuating trend till the end of experiment (Fig. 15). In 
organically manured ponds a check of BOD is required for keeping 
good amount of dissolved oxygen. In the present experiment, the 
mean BOD levels were 3.0, 3.1, and 3.2 mg/1 in T-I, T-II and T-III, 
respectively. Lower values of BOD may be due to the use of already 
processed organic manure. Tripathi et al. (1993) have also reported 
that application of biogas slurry considerably reduces the BOD in 
ponds as compared to raw cowdung. In the present study, both, 
dissolved oxygen and BOD, did not show any significant correlation 
with productivity in any treatments. This may be due to low levels 
of BOD in the ponds. The oxygen levels were higher in the present 
experiment as compared to observations made by Aravindakshan et 
al. (1997) and Jena et al. (1998 b) in carp fingerling rearing ponds. 
They observed oxygen levels in the range of 2.0- 4.9 mg/1 and 2.4-
6.9 mg/I respectively. 
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The total alkalinity values were in the range of 91.7±7.6 mg/1 
to 156.0+18.3 mg/1 (Table 18) in different treatments. During initial 
period, total alkalinity showed a decreasing trend and from fifth 
fortnight onwards it started increasing and then became stabilised 
towards the end of the experiment (Fig. 16). Hardness showed a 
declining trend initially in all the treatments and from fourth 
fortnight onwards it increased which continued till the end of the 
experiment (Fig. 16). The values of hardness ranged from 78.3±2.9 
mg/1 to 149.3±12.2 mg/1 in different treatments (Table 18). The 
mean variations in hardness in different t reatments were not 
significantly different (F2,ii6 = 0.703; P>0.05). Calcium values were 
in the range of 60.0±3.5 mg/1 to 116.0±2.0 mg/1 in different 
treatments (Table 18). Like hardness, it showed a declining trend 
during initial period and from fourth fortnight onwards it showed 
an upward trend till the end of experiment (Fig. 16). All the three 
treatments showed almost similar pattern of variation. Sreenivasan 
(1976) recorded very high level of calcium from temple ponds of 
Madras. J ena et al. (1998 b) reported alkalinity in the range of 72 -
116 mg/l and hardness 56-108 mg/I in carp fingerling rearing 
ponds. Aravindakshan et al. (1997) have also reported similar 
values for alkalinity (84-104 mg/l) and hardness (68 - 90 mg/1) in 
carp fingerling rearing ponds. 
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Table - 17 
Variations in Dissolved OTcygen and Biological oxygen demand in 
fingerling rearing ponds using sewage, compost and cowdung 
(Experiment-II) 
Weeks 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
XI 
XII 
XIII 
Overall 
mean±SD 
T-1 
7.4±2.4 
7.9±6.5 
6.8±5.0 
7.5±2.0 
7.2±4.0 
7.8±1.7 
7.512.5 
8.4±0.6 
8.112.0 
8.012.0 
6.411.0 
7.711.2 
6.312.3 
7.510.9 » 
DO (mg/1) 
T-II 
8.118.1 
7.910.6 
7.216.7 
8.013.6 
7.913.1 
8.113.2 
7.611.0 
7.711.2 
7.812.0 
7.712.1 
6.911.5 
8.312.5 
6.011.5 
7.610.7 a 
T-III 
8.115.3 
8.613.1 
6.817.0 
7.216.0 
7.914.9 
7.514.0 
7.512.6 
6.910.6 
7.310.0 
7.312.0 
7.112.5 
8.312.0 
6.013.1 
7.410.9" 
T-I 
4.2010.1 
2.9010.1 
1.4710.1 
4.67+0.0 
4.1310.2 
3.1310.2 
3.6710.2 
3.7710.3 
2.9310.1 
1.8010.0 
1.6010.1 
2.2710.1 
2.6710.1 
3.0011.3" 
BOD5 (mg/1) 
T-II 
3.1010.4 
4.7310.2 
1.6310.1 
4.80+0.1 
3.20+0.1 
2.67±0.1 
2.4310.1 
3.10+0.0 
3.3010.0 
3.0010.1 
1.8010.2 
2.53+0.1 
3.93±0.0 
3.10±1.4« 
T-III 
1.9010.1 
1.8010.0 
1.9710.2 
3.80+0.1 
2.5310.2 
2.8710.4 
3.50+0.3 
3.8010.1 
3.6010.1 
4.0010.0 
3.0710.2 
3.77+0.2 
4.0710.1 
3.20+1.0^ 
Values are expressed as Mean+SD (n=3); Values of overall mean {n=391 with different 
superscripts differ significantly (P<0.05). (T-I: Sewage @ 35 m3/week T-II: compost (a. 20 t/ha/yr 
& T-Ill: cowdung® 20 t/ha/yr) 
Table - 18 
Variations in Total Alkalinity, Total Hardness and Calcium in fingerling 
rearing ponds using sewage, compost and cowdung 
(Experiment-II) 
Alkalinity (mg/1) Hardness (mg/1) Calcium (mg/1) 
F o r t - ^_ j ^_ j j ^ j j j ^_j ^ , j , ^ 
night 
I 140.0±17.3 100.0+10.0 120.0±17.3 120.0+17.3 94 OllO.l 110.0±17.3 85 3±11 0 74 0+10 8 86 3+16 9 
II 123.3±15.3 91.7±7.6 107.3+14.2 98.3±2.9 81.7±7.6 97 7±15.6 69 3+4 2 61 0±5 3 73 7±12 9 
III 121.7±20.2 100.0±0.0 I06.7±15.3 101.7±22.5 80 7±1 2 88.3±17.6 74 0±18 2 64 7±0 6 68.0+11.1 
IV 95.3±7.2 98.3±2.9 107.3±20.4 89.0±26.2 78.3+2.9 88 0±20 7 66 0+14 4 60 0+3 5 65 3+15 1 
V 116.7+5.8 108.3±7.6 n6.7±23.1 109.0+12.2 1033±7.6 110.0+21.8 80 0+9 2 76 3+8.5 78.0+14 0 
VI 110.0113.2 106.3±8.1 115.0±26.0 101.7±18.9 101.7+76 1107+26.6 75 3+117 75 0+9 0 780+156 
VII 101.7±2.9 97.7±7.5 106.7+15.3 95.3+1.5 99 3+10 1 110 0+13 2 70 0+5 3 713+5 7 817+15 6 
VUl 110.7+2 3 94 7+26.6 124.0+24 3 142.7+24.1 104 0+6 9 132.0+4 0 102 0rl7 8 79 7+2 5 97 7+10 1 
IX 108.0±0.0 110.7+23 129.3+12.2 126.7+76 1213+2.3 128.7+12 95 3±12 1 85 7+2 1 96.0+6 9 
X 133.3+2.3 110.0+9.2 138.7+16.7 122.7+4.6 132 0+8.0 137.3+4.6 88 3+3 5 94 7+8.1 108.3+4 7 
XI 134.7+4.6 142.7+16.2 144.0+4.0 132.0+10.6 149 3+12 2 149 3+8 3 94 0+6 9 107 3+6 1 116 0+2 0 
XII 150.7+10 1 153.3+115 140.0+20 8 132.0+0.0 146.7+16 7 125 3+23 1 9 1 3 + 1 2 '093+90 97 3+16 3 
XIII 149.3+18.5 156 0+18.3 149.3+6.1 129.3+12.2 144.0+10.6 124.0+13 9 85 0+18 7 110 7+8.3 98 7+10 1 
Overall 
Mean 122.7+19.7« 113.1±24.0» 123.5+21.0' 115.4±20.8« 110.5+26.0* 116.3+22.6'' 82 8:14 7» 823+184> 88.1 + 18.4> 
+SD 
Values are expressed as Mean±SD (n=3); Values of overall mean (n=39) with different superscripts differ significantly 
(P<0.05). (T-I: Sewage @ 35 mVweek T-II: compost @ 20 t / h a / y r &T-II1: cowdung® 20 t /ha /y r ) 
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Fig. 16 
Fortnightly variations in Total Alkalinity, 
Total Hardness and Calcium 
(E^periment-II) 
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Nutrients are vital for primary productivity in the pond 
ecosystem. They are derived mainly from the manure added in the 
pond. Nitrite-nitrogen showed very low values in all the treatments 
and kept a steady pattern of variation throughout the experiment, 
except in Treatment-II, where, during ninth fortnight, it showed a 
sudden increase (Fig. 17). It varied from 0.007±0.0 mg/1 to 
0.087±0.10 mg/1 (Table 19). The mean variation in Nitrite-nitrogen 
in different treatments differ significantly (F2ai6 = 6.68; P<0.05). 
Treatment-I showed significantly lower Nitrite-nitrogen content as 
compared to other treatments. Lower Nitrite-nitrogen in T-I may be 
due to the stabilized sewage, where it might have already 
transformed into other forms of nitrogen. Nitrite-nitrogen is very 
unstable ion and gets converted into either Ammonia-nitrogen or 
Nitrate-nitrogen depending upon the chemical and biological 
conditions prevailing in water (Wetzel, 1983). Chakrabarty, (1987) 
has also observed low values of Nitrite-nitrogen in a sewage fed 
pond. 
Nitrate-nitrogen values were also in very low range and varied 
from 0.011±0.01mg/l to 0.287±0.13 mg/1 (Table 19). Nitrate-
nitrogen initially showed lower values up to eighth fortnight, then 
showed an increase from eighth fortnight onwards upto tenth 
fortnight and finally reduced towards the end of experiment. Almost 
all the treatments showed similar trend of variations throughout the 
experiment (Fig. 17). Ammonia-nitrogen showed very low values in 
all the treatments ranging between 0.005±0.0 mg/1 to 0.337±0.17 
mg/1 in different treatments. Mean values were found to be 0.12 
mg/1, 0.07 mg/1, and 0.09 mg/1 in T-I, T-II and T-IIl, respectively 
(Table 20). Ammonia-nitrogen showed a decline upto seventh 
fortnight. In the later months it started increasing slowly in all the 
experiments, except in Treatment-I, where it showed a sudden 
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increase in ammonia in eighth fortnight (Fig. 18). Throughout the 
experiment, in all the treatments, variations were almost uniform. 
Phosphate-phosphorus varied from 0.005±0.0 mg/1 to 
0.473+0.27 mg/1 in different treatments (Table 20). Phosphorus 
levels in the ponds were high in the first month and then suddenly 
started decreasing considerably and later continued a steady level 
till the end of the experiment (Fig. 18). In all the treatments, values 
of Phosphate- phosphorus were very low. Mean values of 
phosphate-phosphorus were 0.07 mg/1, 0.10 mg/1, and 0.07 mg/1 
in T-I, T-II and T-III, respectively. 
The pattern of release of nutrients from three different 
manures was almost similar in all treatments, barring few 
exceptions. T-I and T-II showed significantly higher amount of 
Nitrite-nitrogen in the present experiment. This may be attributed 
to the use of stabilized sewage and processed domestic garbage in 
T-I and T-II respectively than the raw cowdung in T-IIl. Thripathi et 
al. (1993) reported a higher amount of nutrient released from 
processed organic matter than raw cowdung. Ayyappan et al. (1998) 
have observed a faster release of nutrients from processed cellulosic 
organic material as compared to unprocessed material. The amount 
of nitrogen in the present experiment is less as compared to the 
observations made by Sreenivasan (1976) in temple ponds, and 
Aravindakshan et al. (1997) in carp fingerling raising ponds. 
However, similar values were observed by J e n a et al. (1998 b) in 
carp fingerling raising ponds and Tripathi et al. (1993) for biogas 
slurry treated ponds. Low level of phosphorus may be due to 
utilisation of plankton present in the pond. Sarkar et al. (2000) 
have reported Phosphate-phosphorus values as low as 0.003 mg/1 
and 0.004 mg/1 in a fish culture experiment using 50% and 95% of 
sewage, respectively. 
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Table - 19 
Variations in Nitrite-nitrogen and Nitrate-nitrogen in fingerling 
rearing ponds using sewage, compost and cowdung 
(Experiment-II) 
Fortnight 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
XI 
XII 
XIII 
Overall 
mean±SD 
Nitrite 
T-1 
0.020 
±0.02 
0.017 
±0.01 
0.008 
±0.01 
0.007 
±0.00 
0.012 
±0.01 
0.010 
±0.01 
0.008 
±0.00 
0.008 
±0.00 
0.008 
±0.00 
0.012 
±0.00 
0.018 
±0.01 
0.011 
±0.01 
0.015 
±0.01 
0.012 
±0.008^ 
-nitrogen 
T-II 
0.170 
±0.04 
0.113 
±0.05 
0.077 
±0.06 
0.057 
±0.02 
0.135 
±0.19 
0.055 
±0.06 
0.140 
±0.23 
0.067 
±0.02 
0.077 
±0.02 
0.237 
±0.25 
0.087 
±0.05 
0.023 
±0.01 
0.020 
±0.01 
0.027 
±0.032b 
(mg/1) 
T-III 
0.007 
±0.00 
0.010 
±0.01 
0.025 
±0.01 
0.013 
±0.01 
0.040 
±0.02 
0.033 
±0.02 
0.012 
±0.00 
0.017 
±0.01 
0.082 
±0.10 
0.022 
±0.00 
0.035 
±0.01 
0.035 
±0.01 
0.015 
±0.01 
0.026 
±0.11" 
Nitrate-
T-I 
0.287 
±0.13 
0.153 
±0.09 
0.040 
±0.03 
0.028 
±0.00 
0.017 
±0.01 
0.015 
±0.01 
0.022 
±0.00 
0.017 
±0.01 
0.103 
±0.05 
0.193 
±0.06 
0.127 
±0.02 
0.023 
±0.01 
0.011 
±0.01 
0.097 
±0.11« 
-nitrogen 
T-II 
0.032 
±0.02 
0.020 
±0.01 
0.020 
±0.01 
0.023 
±0.01 
0.037 
±0.01 
0.022 
±0.01 
0.037 
±0.01 
0.027 
±0.02 
0.023 
±0.01 
0.020 
±0.01 
0.032 
±0.01 
0.025 
±0.01 
0.017 
±0.01 
0.080 
±0.09^ 
(mg/1) 
T-III 
0.250 
±0.07 
0.187 
±0.06 
0.153 
±0.05 
0.067 
±0.01 
0.040 
±0.00 
0.022 
±0.02 
0.042 
±0.02 
0.020 
±0.01 
0.047 
±0.03 
0.207 
±0.22 
0.127 
±0.05 
0.020 
±0.01 
0.023 
±0.02 
0.093 
±0.10a 
Values are expressed as Mean+SD (n=3); Values of 
superscripts differ significantly (P<0.05). (T-I: Sewage 
t / h a / y r & T-III: cowdung@ 20 t /ha /yr ) 
overall mean (n=39) 
@ 35 m3/week T-II: 
with different 
compost (a) 20 
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Table - 20 
Variations in Ammonia-nitrogen and Phosphate-phosphorus in 
fingerling rearing ponds using sewage, compost and cowdung 
(Experiment-II) 
Fortnight 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
XI 
XII 
XIII 
Overall 
Mean ±SD 
Ammonia (m 
T-I 
0.267 
±0.09 
0.183 
±0.08 
0.100 
±0.06 
0.093 
±0.05 
0.067 
±0.07 
0.050 
±0.04 
0.043 
±0.04 
0.383 
±0.23 
0.150 
±0.13 
0.040 
±0.01 
0.087 
±0.08 
0.063 
±0.02 
0.087 
±0.04 
0.12 
+0.12'> 
T-II 
0.307 
±0.05 
0.210 
±0.04 
0.107 
±0.01 
0.050 
±0.01 
0.013 
±0.01 
0.005 
±0.00 
0.007 
±0.00 
0.023 
±0.02 
0.037 
±0.02 
0.040 
±0.02 
0.053 
±0.02 
0.021 
±0.02 
0.030 
±0.00 
0.07 
±0.09^ 
g/1) 
T-III 
0.337 
±0.17 
0.160 
±0.07 
0.087 
±0.04 
0.067 
±0.03 
0.022 
±0.00 
0.013 
±0.01 
0.027 
±0.02 
0.050 
±0.03 
0.080 
±0.02 
0.070 
±0.04 
0.087 
±0.03 
0.053 
±0.03 
0.067 
±0.02 
0.09 
±0.09-' 
Phosphorus (mg/1) 
T-I 
0.293 
±0.25 
0.075 
±0.03 
0.042 
±0.01 
0.017 
±0.01 
0.015 
±0.01 
0.020 
±0.00 
0.005 
±0.00 
0.040 
±0.00 
0.085 
±0.05 
0.073 
±0.04 
0.113 
±0.14 
0.023 
±0.01 
0.045 
±0.01 
0.07 
±0.10« 
T-II 
0.270 
±0.03 
0.197 
±0.02 
0.143 
±0.01 
0.120 
±0.02 
0.037 
±0.01 
0.017 
±0.01 
0.020 
±0.01 
0.093 
±0.05 
0.067 
±0.03 
0.060 
±0.06 
0.110 
±0.02 
0.037 
±0.04 
0.117 
±0.02 
0.10 
±0.08» 
T-III 
0.473 
+0.27 
0.060 
±0.06 
0.048 
^0.04 
0.023 
to.02 
0.030 
±0.02 
0.020 
±0.00 
0.020 
±0.03 
0.038 
^0.00 
0.043 
±0.02 
0.027 
+0.01 
0.023 
±0 01 
0.017 
±0.01 
0.064 
±0,02 
0.07 
i O . H a 
Values are expressed as Mean±SD (n=3); Values of overall mean (n=39) with different 
superscripts differ significantly (P<0.05). (T-I: Sewage @ 35 m^/week T-II: compost (a 20 
t / h a / y r & T-llI: cowdung® 20 t /ha/yr)) 
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Fig. 17 
Fortnightly variations in Nitrite-nitrogen and 
Nitrate- nitrogen 
(Experiment-II) 
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Fig. 18 
Fortnightly variations in Ammonia-nitrogen and 
Phosphate-phosphorus 
(Experiment-II) 
Ammonia-ntfrogen (NH4-N) 
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4.3 .2 . Plankton 
Phytoplankton showed a peak in second month in Treatment-
I and Treatment-II, whereas in the Treatment-Ill the peak was noted 
in the third month (Fig. 19). After third month, phytoplankton 
showed a decreasing trend in all the treatments till the end of 
experiment. In different treatments, phytoplankton ranged from 
207+16 nos. /ml (T-II) to 3272±442 nos. /ml (T-I) and the mean 
values of phytoplankton were 811, 692, and 930 nos . /ml in T-I, T-II 
and T-III, respectively (Table 21). Monthly variations in major 
groups of phytoplankton are shown in Fig. 20. Monthly mean 
composition of the phytoplankton is given in the Fig. 21 . 
Application of different manures did not show much variation 
in phytoplankton population (Table 60). This may be due to 
sustained release of nutrients from the manure , which was 
available in all the ponds. J ena (1998) did not observe any 
significant trend in total plankton counts between treatments in 
fish culture ponds using different manures . J e n a et al. (1998 b) 
have recorded total plankton counts in the range of 2.3 x lO^ - 7.6 
X 102 nos. /ml in carp fingerling rearing ponds using organic 
manures . In T-I, phytoplankton showed a significant correlation 
with net primary productivity (r = 0.7342; P<0.01), but in other 
t reatments it did not show any correlation. Sreenivasan (1976) 
recorded higher productivity in ponds, where algal population was 
not high. Fry (1987) opined that nannoplankton and photosynthetic 
bacteria also contribute to the productivity in ponds. Tripathi et al. 
(1993) also have recorded higher productivity in biogas slurry 
treated ponds, where phytoplankton values were less. Radheshyam 
and Naik (1992) recorded a high correlation between phytoplankton 
and productivity in the year 1981-82 and in the subsequent year 
(1982-83) they found no significant correlation between 
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phytoplankton and productivity in a newly constructed tropical 
pond. Correlation of productivity to selected environmental 
parameters in a pond is a difficult task, because at a given time the 
phytoplankton consists of many algal species, each with different 
physiological responses to environmental factors (Glooschenko, 
1975). Contrary to this, Rhode (1958) stated that the standing crop 
of phytoplankton is highly related to productivity. 
Among phytoplankton, Myxophyceae dominated in 
experimental ponds followed by Bacillariophyceae and 
Chlorophyceae in all the three treatments (Table 22). Tripathi et al 
(1993) reported domination of Chlorophyceae in biogas slurry 
treated ponds. Among zooplankton, rotifers were dominated 
followed by nauplii larvae and copepods. In Treatment-I, 
Myxophyceae was found to dominate, followed by Bacillariophyceae, 
Chlorophyceae, Desmidiaceae and Euglenophyceae. Tripathi et al. 
(1993) found a dominance of Chlorophyceae in biogas slurry treated 
ponds. 
No particular trend showed by zooplankton in different 
treatments. Initially in Treatment-I, it decreased and kept a steady 
level till the end of the experiment. Treatment-II and Treatment-Ill 
also did not show much variation throughout the experiment (Fig. 
19). Zooplankton values ranged from 54±7 nos . / l (T-III) to 361±37 
nos . / l (T-III) and mean values were 132, 133, and 111 nos. /ml in T-
I, T-II and T-III, respectively (Table 21). Application of different 
manures did not show much variations in zooplankton population 
in different treatments. J e n a (1998) has reported an insignificant 
relation of zooplankton in different t reatments in fish culture 
experiments using different manures. Monthly variations of major 
groups of zooplankton are given in Fig. 22. Rotifers were the 
dominant groups in different treatments (Table 23). Triapthi et al. 
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(1993) also observed a dominance of rotifers in biogas slurry treated 
ponds. Mean composition of the zooplankton is given in Fig. 23. In 
all the treatments, rotifers formed the dominant group, followed by 
nauplii larvae, copepods, and cladocerans. Ostracods were also 
found to be present, but in some months only. J e n a (1998) has also 
observed dominance of rotifers, followed by cladocerans and 
copepods in organic manured experiments. Further, he also 
observed Ostracods and Conchostracans in only few samples. 
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Table - 21 
Variations in Phytoplankton and zooplankton abundance in 
fingerling rearing ponds using sewage, compost and cowdung 
(Experiment-II) 
Fortnight 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
XI 
XII 
XIII 
Overall 
mean±SD 
Phytoplankton (no. 
T-I 
483±74 
324±17 
474±110 
3272±442 
872+59 
1218±50 
792+40 
887±50 
381+38 
406±16 
464+21 
502+26 
489+17 
811±771» 
T-II 
207±16 
305±10 
749±41 
2041±77 
1573166 
1124150 
611119 
469144 
351117 
408110 
509125 
320118 
335+28 
6921543^ 
/ml) 
T-III 
218+25 
279117 
560112 
1724193 
3144+116 
1567168 
872120 
472117 
444116 
438115 
506122 
898124 
968131 
930+790>> 
Zooplankton (no. 
T-I 
361137 
9618 
9215 
157110 
16113 
18714 
11216 
130+7 
79+4 
9518 
7916 
7416 
9117 
132176« 
T-II 
9519 
11216 
17915 
12915 
16112 
1781142 
221118 
8715 
89+7 
9416 
85111 
199110 
9115 
133158a 
/L) 
T-III 
5417 
mill 
160112 
130+14 
10818 
188110 
140110 
9018 
9816 
92110 
8515 
9218 
99110 
111134a 
Values are expressed as Mean±SD (n=3); Values of 
superscripts differ significantly (P<0.05). (T-I: Sewage 
t / h a / y r & T-Ul: cowdung (a, 20 t /ha /yr ) 
overall mean (n=39) with different 
@ 35 m-i/week T-II; compost ki 20 
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Fig. 19 
Fortnightly variations in pnjrtoplankton and 
zooplankton abundance 
(E^periment-II) 
Phytoplankton 
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Fig. 20 
Fortnightly variations in the composition of 
Ph3rtoplankton abundance 
(Experiment-II) 
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Fig. 21 
Fortnightly variations in the composition of 
Zooplankton abundance 
fE)xperiment-II) 
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Table - 22 
Variations and monthly mean composition of major groups of 
Phytoplankton (Nos./ml) in fingerling rearing ponds 
using sewage, compost and cowdung 
(Experiment-II) 
I II III IV V VI VII VIII IX X XI XII XIII Mean 
Trea tmen t ! 
Myxophyceae 
Chlorophyceae 
Bacillariophyceae 
Desmidiaceae 
Euglenophyceae 
Total 
117 135 1851040 252 604 322 220 132 131 135 140 150 274 
83 30 86 445 190 98 170 416 77 86 115 110 114 155 
57 85 98 1125 340 412 260 251 97 75 103 133 133 244 
158 37 82 662 90 104 40 0 13 7 0 0 0 92 
68 37 23 0 0 0 0 0 62 107 111 119 92 48 
483 324 474 3272 872 1218 792 887 381 406 464 502 489 813 
Treatment-II 
Myxophyceae 
Chlorophyceae 
Bacillariop hyceae 
Desmidiaceae 
Euglenophyceae 
Total 
125 148 240 663 547 460 243 89 123 160 166 138 156 251 
30 37 58 130 280 214 110 50 102 108 108 78 47 104 
25 66 124 400 240 240 135 100 83 70 92 63 40 129 
27 46 103 268 106 78 23 23 0 0 0 0 0 52 
0 8 224 580 400 132 100 207 43 70 143 41 92 157 
207 305 749 20411573 1124 611 469 351 408 509 320 335 692 
Treatment-Ill 
Myxophyceae 
Chlorophyceae 
Bacillariophyceae 
Desmidiaceae 
Euglenophyceae 
Total 
124 132 164 595 440 387 282 140 152 160 187 733 763 328 
34 38 69 195 160 120 104 85 82 106 142 73 127 103 
30 55 120 387 187 400 173 120 96 74 65 52 27 137 
30 44 111 269 60 0 0 0 0 0 0 0 0 40 
0 10 96 2782297 660 313 127 114 98 112 40 51 323 
218 279 560 17243144 1567 872 472 444 438 506 898 968 930 
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Table - 23 
Variations and monthly mean composition of major groups of 
Zooplankton (Nos./L) in fingerling rearing ponds 
using sewage, compost and cowdung 
(Experiment-II) 
Treatment-1 
Rotifera 
Copepoda 
Cladocera 
Ostracoda 
Nauplii larvae 
Total 
III IV V VI VII VIII IX XI XII XIII Mean 
162 29 31 61 64 146 46 43 21 25 26 31 36 55 
15 14 15 29 19 14 19 16 18 20 20 19 24 19 
9 12 8 10 0 0 15 35 16 15 4 0 0 10 
3 1 1 0 0 0 0 0 0 0 0 0 0 0 
172 40 37 57 78 27 32 36 24 35 29 24 31 48 
361 96 92 157 161 187 112 130 79 95 79 74 91 132 
Treatment-II 
Rotifera 
Copepoda 
Cladocera 
Ostracoda 
Nauplii larvae 
Total 
42 50 79 66 77 83 120 47 32 25 34 89 35 60 
10 14 19 23 20 25 28 7 15 18 17 74 14 22 
0 6 8 7 0 10 15 5 14 16 9 10 4 8 
0 3 0 0 0 0 0 0 0 0 0 0 0 0 
43 39 73 33 64 60 58 28 28 35 25 26 38 42 
95 112 179 129 161 178 221 87 89 94 85 199 91 132 
Treatment-lII 
Rotifera 
Copepoda 
Cladocera 
Ostracoda 
Nauplii larvae 
Total 
29 48 59 63 52 87 62 27 29 31 28 33 30 44 
4 12 16 24 16 27 21 19 25 22 19 17 16 18 
4 10 12 0 0 12 5 6 4 6 8 13 7 7 
0 0 0 0 0 0 0 0 0 0 0 0 12 1 
17 41 73 43 40 62 52 38 40 33 30 29 34 41 
54 111 160 130 108 U 140 90 98 92 85 92 99 111 
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Fig. 22 
Mean composition of major groups of 
Phytoplankton abundance 
(Experiment-II) 
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Fig. 23 
Mean composition of major groups 
Zooplankton abundance 
(Experiment-II) 
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4.3 .3 . Primary productivity 
Gross primary productivity showed a slight increase in 
second fortnight, then from third fortnight onwards it showed an 
increasing trend upto seventh fortnight and later declined gradually 
till the end of the experiment (Fig. 24). The maximum value was 
recorded {9.81±3.21 gC/m3/d) in Treatment-III in seventh fortnight, 
whereas the minimum value was recorded (1.60±0.35 gC/m^/d) in 
Treatment-II in the third fortnight (Table 24). The mean values were 
3.31, 3.66 and 4.69 gC/m^/day in T-1, T-11 and T-III, respectively. 
Application of different manures had a significant effect on gross 
productivity (F2,u6=4.099; P<0.02). Treatment-Ill showed a 
significantly higher mean productivity as compared to other 
t reatments. Higher productivity in Treatment-Ill may be attributed 
to higher input of carbon through cowdung. Community respiration 
showed fluctuations throughout the experiment (Fig. 24). The 
community respiration ranged from 0.75±0.13 gC/m^/d to 
5.36±2.91 gC/m^/d (Table 26). Mean community respiration values 
were 1.93 gC/mVd, 1.88 gC/m^/d and 2.32 gC/m^/d and its 
composition in gross productivity were 28-83%, 36-78% and 37-
74% in T-I, T-II and T-III, respectively. 
Ayyappan et al. (1990b) have recorded primary production 
levels in the range of 2.01-6.01 gC/m^/d from cowdung and 
inorganic fertilisers manured ponds. The maiximum value of net 
primary productivity, 4.45±1.32 gC/m^/d, was recorded in T-III in 
seventh fortnight and minimum value, 0.60±0.0 gC/m^/d, in T-II in 
third fortnight. The mean net productivity values were 1.38, 1.78 
and 2.37 gC/m^/day in T-I, T-II and T-III, respectively. Net 
productivity was significantly higher in cow dung treated ponds (T-
III) than in sewage treated ponds (T-I), but not significant difference 
was found in compost treated pond (T-II). It may be due to the 
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higher carbon input in T-III through the application of cowdung. 
Net primary productivity showed fluctuating trend throughout the 
experiment (Fig. 24). The productivity values were found to be 
comparable to those of tropical natural productive ponds (Sumitra, 
1971; Sreenivasn, 1972; Olah et al, 1986), for newly constructed 
aquaculture ponds (Radheshyam and Naik, 1992) and for 
organically manured ponds for fish culture (Ayyappan et al, 
1990b). The percentage of respiration in primary productivity 
indicates transfer of energy from algal component to higher trophic 
level of zooplankton. Tripathi et al. (1993) have also reported 
similar range of community respiration in biogas slurry treated 
pond. 
4.3 .4 . Bacterial Ceonosis 
Heterotrophic bacterial count of water showed an increase in 
the second month and then a gradual decline was noted in the third 
month in Treatment-I and Treatment-II, whereas in Treatment-Ill, 
they showed an increase in first and second months and then 
started declining upto fourth month (Fig. 25). From the fourth 
month onwards Treatment-II and Treatment-Ill showed fluctuations 
in total heterotrophic bacterial count, whereas, in Treatment-1, it 
kept a steady pattern till the end of the experiment. The lowest 
bacterial count, 0.06 x 10^ cfu/ml, was recorded in the Treatment-I 
and the highest count, 4.40 x 10^ cfu/ml, was recorded in 
Treatment-Ill (Table 27). The differences in heterotrophic bacterial 
counts in different treatments were highly significant (F2,38=7.885; 
P<0.01). Tripathi et al. (1993) have also reported a significant 
difference in heterotrophic bacterial count in different treatments 
using organic manures . In sediments, Treatment-II and Treatment-
Ill showed a uniform trend throughout the experiment, as well as 
did not show much variation in heterotrophic bacterial count and 
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kept a steady population throughout the experiment (Fig. 25), 
whereas in Treatment-I, heterotrophic bacterial count increased in 
third fortnight, then declined gradually till eighth fortnight and then 
again started increasing till the end of the experiment. The values of 
heterotrophic bacteria in the sediment ranged from 0.07 x 10^ cfu/g 
to 6.25 X 10^ cfu/g (Table 27). The highest value was recorded in 
Treatment-I in the third fortnight (December) and the lowest in 
Treatment-Ill in the eleventh fortnight (March). Highly significant 
difference was noted in different treatments in mean values of 
heterotrophic bacteria in sediments (F2,38=62.524; P<0.001). Values 
in Treatment-I were significantly higher than Treatmenl-Il and 
Treatment-Ill. 
Application of different manures had significant effect on 
bacterial population of water and sediment as it is revealed through 
analysis of variance (Table 60). The higher values for total 
heterotrophic bacteria in water in T-II and T-III may be attributed to 
substra te availability for bacterial activity through application of 
compost and cowdung in these ponds (Fig 25). The higher 
heterotrophic bacterial count in the sediments of T-I may be due to 
the settled particulate organic matter from sewage application (Fig 
25). Ayyappan and Pandey (1989) and Ayyappan et al. (1991) have 
reported total heterotrophic bacteria in water ranging between 0.1-
1.55 X 10^/ml and in sediments in the range of 0.79x10''/g -
15.03xl0^/g in various fish culture experiments treated with 
organic manures , including Azolla in one of the fish culture ponds. 
In a subsequent experiment, where cowdung was applied in a heap 
in the pond, Ayyappan et al. (1991) have recorded total 
heterotrophic bacteria in water in the range of 0.90-9.OxlO^/ml and 
in sediments as 0.36-12.27xl06/g. J a n a et al. (1980) have observed 
a higher bacterial growth in fishponds using different organic 
manures . Das and Mukherjee (1999) have recorded bacterial 
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population in the range of 0.6 - 5.2 x lO^/ml in water and 0.9 - 6.2 
X 10^/g in sediments in fry and fmgerling rearing ponds using 
cowdung and inorganic fertilisers. 
Total coliform bacteria in water showed a uniform pattern of 
reduction, from the beginning till the end of the experiment in 
Treatment-Il and Treatment-Ill, whereas, in Treatment-1 total 
coliform bacterial population showed a steady pattern till end of the 
experiment (Fig. 26). The values were in the range of 0.07x 10^ 
cfu/ml to 0.94 X 10^ cfu/ml in different treatments (Table 28). Total 
coliform bacteria in water showed highly significant difference in 
different treatments (F2,38=13.819; P<0.001). Total coliform bacterial 
counts in sediments were in the range of 0.12x 10^ cfu/g to 1.06 x 
10^ cfu/g in different treatments (Table 28). In Treatment-! and 
Treatment-Ill, total coliform bacterial count reduced gradually till 
seventh fortnight and then gradually increased till the end of the 
experiment, whereas, in Treatment-II, it showed a slight increase till 
fourth fortnight and then showed gradual decrease till the end of 
the experiment (Fig. 26). Analysis of variance showed highly 
significant difference of mean values of total coliforms in sediments 
in different treatments (F2,38=17.881;P<0.001). Tripathi et al. (1993) 
reported a significant difference in total coliform bacteria in water 
and sediments in fish culture ponds using different organic 
manures . Treatment-II had significantly low mean values of coliform 
counts than other treatments. 
Coliform bacteria can be disastrous during uncontrolled use 
of sewage in aquaculture ponds (Hejkal et al, 1983). The studies on 
pathological bacterial population is important whenever sewage or 
organic manures are used for aquaculture purposes (Sandhya and 
Pairhad, 1988). In the present experiment, application of different 
manures had a significant effect in total coliform bacterial 
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population in different treatments. The mean total coliform values 
were in the range of 0.13, 0.41 and 0.51 x lO^/ml in water and 
0.66, 0.24 and 0.67 x lO^/g in sediments in T-I, T-II and T-III, 
respectively and coliforms found to be almost stabilized towards the 
end of the experiment, in all the three treatments. The coliform 
population was found to be less as compared to the observations 
made by Bhowmik et al. (2000) and Bhowmik and Chakrabarti 
(2002) from fish culture ponds using sewage as organic manure. 
Lower values of coliforms may be attributed to stabilisation of 
sewage and use of composted organic manure . Buras et al. (1987) 
reported coliforms in the range of 6.2 X 10^/ml - 1.1 X 10 ' /ml in 
sewage fed ponds. They opined that coliform number in sewage 
usually reduces in oxidation ponds. Chattopadhyay and Bhowmik 
(1998) have also reported a reduction of total coliforms in sewage 
fed aquaculture systems. 
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Table - 24 
Variations in Gross primary productivity in fingerling rearing 
ponds using sewage, compost and cowdung 
(Experiment-II) 
Weeks 
Gross primary productivity (gC/m^/d) 
T-I T-II T-III 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
XI 
XII 
XIII 
2.92±0.71 
3.45±1.28 
2.30±0.46 
3.25±1.09 
2.40±0.60 
3.50±1.91 
5.52±4.05 
2.25±0.81 
5.25+2.22 
3.18±1.80 
2.55±1.13 
3.34±1.12 
3.10±0.35 
3.1010.75 
3.9511.39 
1.6010.35 
1.8510.43 
2.4010.60 
3.3010.52 
6.3913.93 
6.9812.76 
3.4513.32 
2.4510.43 
5.1011.04 
3.34+1.12 
3.7010.92 
3.32+0 55 
3,50+1 42 
1.8010 60 
2.50±0 35 
3 80±2 96 
4.55+2 90 
9.81±3 21 
6.22±2 43 
3.30+0 94 
3.7011 15 
6.30+0 90 
6.47+3 16 
5.7012 08 
Overall 
mean lSD 3.31 + 1.693 3.66+2.16a 4.69+2.68" 
Values are expressed as Mean±SD (n=3); Values of overall mean (n=39) with different 
superscripts differ significantly (P<0.05). (T-I: Sewage @ 35 m'/week T-IT compost 'ii 20 
t /ha/yr & T-III: cowdung@ 20 t/ha/yr) 
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Table - 25 
Variations in Net primary productivity in fingerling rearing 
ponds using sewage, compost and cowdung 
(Experiment-II) 
Fortnight 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
XI 
XII 
XIII 
Overall 
mean lSD 
Net primary productivity (gC/m^/d) 
T-I 
1.50±0.52 
0.90+0.45 
1.1010.46 
2.35±0.57 
1.1010.75 
1.8011.50 
1.8711.78 
1.5010.79 
0.9010.00 
0.7810.10 
1.3510.78 
0.9710.46 
1.8010.30 
1.3810.81* 
T-II 
1.8010.30 
2.0510.23 
0.6010.00 
1.10+0.43 
1.2010.00 
1.9010.35 
3.31+2.69 
2.3310.80 
0.7510.26 
1.1010.43 
3.0011.04 
1.6310.98 
2.3810.78 
1.7811.12ab 
T-in 
2.1010.00 
1.75+0.61 
0.810.35 
1.60+0.43 
1.00+0.35 
2.3010.62 
4.45+1.32 
3.31+0.47 
2.10+1.04 
1.65+1.08 
3.30+1.37 
3.17+3.73 
3.30+1.37 
2.37+1.51" 
Values are expressed as MeantSD (n=3); Values of overall mean (n=39) with different 
superscripts differ significantly (P<0.05). (T-I: Sewage @ 35 m^/week T-II: compost (a: 
20 t / h a / y r &T-II1; cowdung® 20 t /ha /yr ) 
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Table 26 
Variations in Community respiration in fingerling rearing 
ponds using sewage, compost and cowdung 
(Experiment-II) 
Community respiration (gC/m^/d) 
Fortnight T-I T-II T-III 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
XI 
XII 
XIII 
1.42+0.66 
2.55±1.17 
1.2010.79 
• 0.90±0.52 
1.30±0.75 
1.70±0.96 
3.65±3.86 
0.75±0.13 
4.3512.22 
2.4011.84 
1.2010.52 
2.3711.44 
1.30+0.17 
1.3010.50 
1.9011.21 
1.0010.35 
0.7510.00 
1.2010.60 
1.4010.17 
3.0811.39 
4.6412.07 
2.7013.15 
1.3510.00 
2.1011.04 
1.7110.74 
1.3210.16 
1.2210.55 
1.7511.11 
1.0010.35 
0.9010.40 
2.8012.77 
2.2512.27 
5.36+2.91 
2.9212.53 
1.2010.26 
2.0510.68 
3.0010.52 
3.3011.26 
2.40+0.90 
Overall 
mean lSD 1.9311.64a 1.8811.46« 2.3211.77" 
Values are expressed as Mean+SD (n=3); Values of overall mean (n=39) with different 
superscripts differ significantly (P<0.05). (T-1: Sewage @ 35 m^/week T-II: compost kl, 
20 t/ha/yr &T-in: cowdung® 20 t/ha/yr) 
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Fig. 24 
Fortnightly variations in Primary productivity 
(Experiment-II) 
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Table - 27 
Variations in Total Heterotrophic bacteria in water and 
sediment in fingerling rearing ponds using sewage, 
compost and cowdung 
(Experiment-II) 
Fortnight 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
XI 
XII 
XIII 
Mean 
+SD 
Water (Cfux 103/ml) 
T-I 
0.12 
0.10 
0.17 
2.68 
0.78 
0.06 
0.46 
0.36 
0.34 
0.22 
0.37 
0.28 
0.13 
0.47 
±0.69" 
T-II T-III 
1.35 0.68 
0.64 0.60 
0.47 2.10 
1.94 3.40 
2.60 4.40 
0.54 2.86 
1.02 1.82 
1.05 0.76 
2.90 0.43 
3.50 3.20 
3.40 1.00 
3.10 1.30 
1.46 2.86 
1.84 1.95 
±1.12" ±1.29" 
Sediment (Cfu x 
T-I T-I I 
3.5 0.96 
2.06 0.44 
6.25 0.64 
5.67 1.74 
5.19 1.10 
2.69 0.27 
2.54 0.21 
2.31 0.36 
4.56 0.55 
5.5 0.90 
5.02 0.55 
5.4 0.61 
5.6 0.90 
4.33 0.71 
±1.49^ ±0.41h 
10-Vg) 
T-III 
2.13 
0.42 
0.53 
1.65 
0.93 
0 48 
0.38 
0.15 
0.40 
0.87 
0.07 
0.23 
0.25 
0.65 
±0.6 Ih 
Values of mean with different superscripts differ significantly (P<0.05). 
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Table - 28 
Variations in Total Coliform bacteria in water and sediment in 
fingerling rearing ponds using sewage, compost and cowdung 
(Experiment-II) 
Fortni; 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
XI 
XII 
XIII 
Mean 
± S D 
Water 
ght T-I 
0.18 
0.20 
0.18 
0.11 
0.09 
0.21 
0.15 
0.09 
0.07 
0.09 
0.08 
0.14 
0.15 
0.13 
±0.05^ 
(Cfu X 102/ml) 
T-II 
0.78 
0.81 
0.62 
0.53 
0.39 
0.23 
0.20 
0.31 
0.32 
0.38 
0.24 
0.15 
0.38 
0.41 
±0.21'' 
T-III 
0.80 
0.82 
0.94 
0.62 
0.64 
0.58 
0.42 
0.43 
0.40 
0.29 
0.11 
0.23 
0.39 
0.51 
±0.25" 
Sediment (Cfu x 
T-I 
0.98 
1.06 
1.02 
0.43 
0.62 
0.31 
0.24 
0.41 
0.46 
0.67 
0.76 
0.77 
0.82 
0.66 
±0.27^ 
T-I I 
0.23 
0.25 
0.36 
0.60 
0.30 
0.19 
0.20 
0.16 
0.13 
0.23 
0.12 
0.13 
0.20 
0.24 
±0.13b 
lOVs) 
T-III 
0.86 
0.88 
0.92 
0.72 
0.70 
0.46 
0.31 
0.45 
0.40 
0.77 
0.64 
0.80 
0.83 
0.67 
r0.20a 
Values of mean with different superscripts differ significantly (P<0.05). 
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Fig. 25 
Fortnightly variations in Total Heterotrophic bacteria 
in water and sediment 
(Bxperiment-II) 
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Fig. 26 
Fortnightly variations in Total Coliform bacteria in 
water and sediment 
(Experiment-II) 
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4.3.5. Fingerling rearing, survival and production 
An evaluation of sewage, domestic garbage compost vis-a-vis 
the traditional manure, cowdung was studied for comparative 
efficacy in fmgerling rearing of Indian major carps without any 
supplementary feeding. Fry of catla (1.30 g), rohu (1.02 g) and 
mrigal (0.88 g) stocked in ponds of 0.02ha size at the rate of 
50 ,000 /ha and in the ratio of 1:1:1. The experiment started in 
November and continued up to April. The summerised data on 
growth, survival and production rate are given in Table 29. In all 
the treatments, mrigal showed a higher survival rate as compared 
to catla and rohu. It ranged from 52.4±4.4% in Treatment-Ill to 
70.6±5.8% in Treatment-II. Survival rate of rohu was in the range of 
42.0±2.8% in Treatment-Ill to 46.1±1.6% in Treatment-II. Catla 
showed poor survival rate among the three carp species, which 
ranged from 36.7±3% in Treatment-I to 40.9±4.7% in Treatment-Ill. 
It was found that, overall survival rate was better in Treatment-II 
(50.6±3.1%) followed by Treatment-I (47.4±2.3%) and Treatment-Ill 
(45.1±1.8%). 
Overall specific growth rate of fishes in various treatments 
ranged from 1.59±0.0% (T-II) tol .64±0.02% (T-III). Mrigal had a 
higher growth rate which ranged from 1.70±0.01% (T-II) to 
1.79±0.02% (T-I) followed by rohu 1.61±0.02% (T-I) tol.69±0.04% 
(T-II) and catla 1.41±0.02% (T-II) to 1.47±0.02% (T-III). Overall 
specific growth rates (SGR) were not found to be affected by 
application of different manures in three treatments. Mrigal showed 
better SGR (1.79 in T-I, 1.7 in T-II and 1.76 in T-III) as compared to 
rohu (1.61 in T-I, 1.69 in T-II and 1.68 in T-III) and catla (1.43 in T-
I, 1.41 in T-II and 1.47 in T-III). J ena et al. (1999) have recorded 
very high SGR for catla (5.28), rohu (5.1) and mrigal (5.48) in pond 
experiments when supplementary food was provided. Patnaik et al. 
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(1991) recorded SGR levels of 1.86, 1.79 and 1.47 in catla, rohu 
and mrigal respectively, fed on prepared diets using aquatic 
macroph3rtes as a major feed ingredient. Slightly lower growth rate, 
in the present experiment may be attributed to the lack of sufficient 
food in the aquatic eco-system. Fishes were thriving only on 
plankton and detritus available through manuring. However, Hasan 
et al. (1991) and Rangacharyulu et al. (1991) reported specific 
growth rates of 1.52 and 1.4 respectively for carp fry in feeding 
experiments. 
Fish production rates from different experiments were 
1028.2, 1050.0, and 1004.3 k g / h a / y r from T-I, T-II and T-III, 
respectively and it did not differ much in different experiments 
using different manures . The lower production may be attributed to 
low levels of nutrients and plankton in the experimental ponds. The 
ponds were fertilized with organic manures and no supplementary 
feed was given. Laxman et al. (1968) got a production of 1450 
k g / h a / y r from experimental ponds using cowdung and inorganic 
fertilisers. The present production rates are very much lower as 
compared to J e n a et al. (1999), where they got production in the 
range of 2000- 3000 kg /ha /y r in different experiments using 
supplementary feeding. Sen and Chakrabarti (1979) have also 
observed a higher production rate upto 1725 k g / h a / y r in ponds 
fertilized with cowdung and fed with supplementary feed. 
Several workers studied use of sewage for fish culture (Hora 
1944; Ghosh et a/., 1973; Ghosh et al.,l974; Krishnamoorthi et al, 
1976; Naska rand Saha, 1988; Govindan, 1989; Balasubramnyan et 
al., 1990; Bhowmik et al, 1997; Jhingran and Ghosh, 1988 a & b) 
but fingerling rearing in ponds using sewage and especially 
domestic garbage compost is uncommon. In the present 
experiments, domestic sewage, domestic garbage compost and 
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cowdung were used for Indian major csirp fmgerling rearing. The 
mean total survival rates were 47.4, 50.6 and 4 5 . 1 % in T-I, T-II and 
T-III, respectively. Analysis of variance shows that use of different 
manures is not having any effect on the survival rates of the fishes. 
This may be attributed to prevalence of heterotrophy in the system, 
which is also evident from higher survival rate of mrigal. Colman 
and Edwards (1987) have stated that heterotrophic pathway is of 
greater importance in waste-fed aquaculture than the autotrophic 
pathway. Heterotrophy also plays a major role in survival of the fish 
(Ayyappan et al, 1990b). Sen and Chakraborty (1979) have 
observed insignificant survival rates of Indian major carp fingerlings 
between two treatments using cowdung and chicken manure. 
Mrigal showed better survival rate(60.3% in T-I, 50.6% in T-II and 
52.4% in T-III) followed by rohu (45.2% in T-I, 4 6 . 1 % in T-II and 
42% in T-III) and catla (36.7% in T-I, 39.9% in T-II and 40.9% in T-
III). Similar observations have been made by Mohanty (1995), 
Aravindakshan et al. (1997), Jena et al. (1998 b) and J e n a et al. 
(1999) in carp fmgerling rearing experiment, using organic and 
inorganic fertilisers. In the present experiment, higher survival may 
be attributed to the better utilisation of organic material by mrigal 
and probably lower requirement of oxygen to mrigal compared to 
other species (Vijayan and Verghese, 1986). 
4.3 .6 . Energy transfer and production efllciency 
The energy transfer was calculated taking total available 
incident solar energy and photosynthetic energy. The energy 
transfer and conversion efficiencies were computed and presented 
in Table 30. Average visible radiation energy during the study 
period (October-March) was 1781.4 kca l /m^/d . Average 
photosynthetic production were calculated to be, 33.10 kcal /m^/d, 
36.60 kcal /m2/d, 46.90 kcal /m2/d in sewage treated pond (T-I), 
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compost treated pond (T-II) and cowdung treated pond (T-III) 
respectively. The conversion efficiency of solar energy to chemical 
energy through photosynthesis was recorded as 1.86% in T-I, 
2.05% in T-II and 2.63% in T-III. Fish production efficiencies over 
photo synthetic energy were 1.021, 0.943 and 0.704% in T-I, T-II 
and T-III, respectively. Fish production efficiencies over light energy 
were 0.0190, 0.0194 and 0.0185% in T-I, T-II and T-III, respectively. 
Radheshyam and Naik (1992) reported photosynthetic efficiency 
values ranging from 0.09 -1.12%, in a newly constructed pond. The 
observations made in the present experiment were in conformity 
with Ayyappan et al. (1990b) who have reported photosynthetic 
efficiencies ranged between 0.91 to 2.69% under different 
management practices. 
The carbon inputs into the ponds through manures were 
0.088 g C/m2/d, 0.111 g C / m V d and 0.236 g C / m V d in T-I, T-II 
and T-III, respectively. Mean fish production levels per day were 
computed from the biomass harvested and found to be 0.034 g 
C/m2/d in T-I, 0.035 g C / m ^ d in T-II and 0.033 g C/m2/d in T-III. 
Using these organic manures for fmgerling rearing, energy transfer 
from solar energy to fish was calculated and found to be 0.0190%, 
0.0194% and 0.0185% in sewage, compost and cowdung treated 
ponds, respectively. Based on total carbon input, the fish 
production efficiencies were 0.995%, 0.915% and 0.670%. Domestic 
garbage compost treated ponds showed a higher energy transfer 
capacity, followed by sewage treated ponds and cowdung treated 
ponds. In the present experiment, the fish production efficiency 
values were slightly less as compared to the observation made by 
Ayyappan et al. (1990b). This may be partly due to low amount of 
nutr ients in the ponds and lower productivity of the pond. 
Compared to raw cowdung, processed manure, compost and treated 
sewage showed a higher energy transfer efficiency, which indicate 
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that the processed organic manure will be better over raw organic 
manure for obtaining a better production. Though cowdung treated 
ponds were showing higher primary productivity it did not 
completely convert to fish production. Tripathi et al. (1993) have 
also observed that application of processed organic matter shows 
higher efficiency levels in carp culture ponds as compared to raw 
cowdung. The results indicate, processed organic wastes can be 
effectively used for higher production in fish culture ponds. 
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Table - 29 
Average Survival, growth and production of fishes in flngerling rearing 
ponds using sewage, compost and cowdung 
(Experiment-II) 
Treatm- Spe- Nos. Biomass Nos. Survival Biomass Mean fish SGR 
ents cies stocked stocked Harvested rate harvested weight (%) 
(g) (%) (g) (g) 
T-I 
T-II 
T-III 
Catla 350 
Rohu 350 
Mrigal 350 
C+R+M 1050 
455 128±10 36.7±3 2372+183 17.2±0.17 1.43+0.01 
357 158±8 45.2±2.2 3097±221 18.5+0.8 1.61±0.02 
307 211±10 60.3±2.9 4813±186 21.9+0.47 1.79±0.02 
1119 498+24* 47.4±2.3- 10282±471» 19.6+0.21' 1.61+0.01" 
Catla 350 455 140±11 39.9±3 2468±213 17.1+0.35 1.41±0.02 
Rohu 350 357 161±5 46.1±1.6 3605±212 18.8±1.16 1.69±0.04 
Mrigal 350 307 247±11 70.6±5.8 4850+132 21.2±1.79 1.70±0.01 
C+R+M 1050 1119 531±" 50.6±3.1« 10500±156» 19.3+0.56» 1.59±0.00 • 
Catla 350 455 143±17 40.9±4.7 2800±361 16.7±0.7 1.47±0.02 
Rohu 350 357 147±10 42.0±2.8 3227±101 19.7±1.82 1.68±0.04 
Mrigal 350 307 183+15 52.4±4.4 4017±333 19.9±1.97 1.76+0.02 
C+R+M 1050 1119 473±19« 45.1±1.8» 10043±175» 18.9±0.4« 1.64±0.02» 
Values are expressed as Mean+SD (n=3); Values of mean with different superscripts differ 
significantly in a column (P<0.05). 
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Table - 30 
Photosynthetic energy fixation, energy transfer efficiency and 
fish production efficiency levels in fingerling rearing ponds 
using sewage, compost and cowdung 
(Experiment-II) 
1) Location of the study (Latitude) 
2) Total visible radiation, K cal/ m^/d 
20" 11 • 25" N 
1781.40 
3) Photosynthetic production 
a) O2, g/m2/d 
b) Carbon, g /m^/d 
c) Energy, K ca l /m^/d 
T-I T-II T-III 
8.83 
3.31 
33.10 
9.75 
3.66 
36.60 
12.5 
4.69 
46.90 
4) Conversion efficiency (%) 1.86 2.05 2.63 
5) Fish production 
a) Kg/ha /yr 
b) g / m V d 
c) Energy, K ca l /m^/d 
1028.2 1050.0 1004.3 
0.2817 0.2877 0.2752 
0.3380 0.3452 0.3302 
6) Conversion of energy (%) 
a) Fish/photosynthetic 
b) Fish/ light 
7) a) Photosynthetic production g C/m^/d 
b) Carbon input as manure, g C/m^/d 
c) Total carbon input (a+b), g C/m^/d 
d) Fish production, g C/m^/d 
1.021 
0.0190 
3.310 
0.088 
3.398 
0.034 
0.943 
0.0194 
3.660 
0.111 
3.771 
0.035 
0.704 
0.0185 
4.690 
0.236 
4.926 
0.033 
8) Conversion efficiency (%) 
a) Fish/Photosynthetic production 
b) Fish/ total carbon input 
1.021 
0.995 
0.943 
0.915 
0.704 
0.670 
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Experiment-Ill 
4 .4 Use of sewage and compost with and without 
supplementary feeding for fish production and production 
efficiency 
An experiment was conducted to study the energy transfer 
and production efficiency in aquaculture ponds manured with 
sewage and domestic garbage compost. Indian major carps (catla, 
rohu and mrigal) and Chinese carps (silver carp and grass carp) 
stocked in the ponds for evaluation of growth and energy transfer 
efficiency. The variations in different physico-chemical and 
biological parameters, fish growth data and computed energy 
transfer data under different treatments are presented in Tables 31 -
55 and Figs. 27-40. 
4 .4 .1 . Physico-chemical parameters 
The water temperature varied from 21.2±0.3 °C to 30.5±0.5 
°C in different treatments during the period of study (Table 31). In 
all the treatments, temperature showed a uniform variation 
throughout the experiment (Fig. 27). The mean temperature ranged 
from 26.84 in T-I to 26.98 °C in T-II. The temperature in the range 
of 29.0-33.0 °C is desirable for decomposition of organic matter in 
aquatic ecosystem Banerjee et al. (1979). The water quality 
parameters recorded in the present experiment were in the 
desirable ranges for carp culture (Jhingran, 1991) and the 
variations in water temperature were in conformity with 
observations made by earlier workers in fish ponds using traditional 
manures (Tripathi et al. 1989; Ayyappan et al., 1990b, Tripathi et 
al. 1993; Ghosh, 1998; Jena, 1998). In the present experiment, the 
temperature values recorded were found to be good for 
decomposition of compost applied into the ponds, except in winter 
months. 
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Secchi disc transparency was in tiie range of 17.Oil.0 cm to 
35.711.5 cm in different treatments (Table 32). During initial period, 
transparency was low and later it increased above 20 cm except in 
the seventh month of culture where it decreased below 20 cm. In all 
the treatments, the trend was more or less same (Fig. 27). The 
mean transparency values ranged from 22.47 in T-I to 23.78 cm in 
T-IV, but no significant difference was noted in different treatments. 
In carp culture ponds, transparency values, within 20-40 cm, are 
treated as desirable (Jhingran, 1991). There was a slight increase in 
transparency values in all the treatments towards the end of 
experiment, despite the use of organic matter. It may be attributed 
to the utilisation of detritus matter by fishes. Tripathi et al. (1993) 
have observed transparency in the range of 17.8-32.3 cm (cowdung 
and inorganic fertilisers), 19.2-39.2 cm (biogas slurry, 15 t /ha /yr ) , 
15.0-30.7 cm (biogas slurry, 30 t /ha /yr ) and 6.5-31.1 cm (biogas 
slurry, 30 t / h a / y r and feed 1% of body weight). They also did not 
observe any significant difference in these four different treatments. 
Though there were slight variations in pH of water in different 
treatments (Fig. 27) but it was not significantly different between 
different manures . pH varied in the range of 7.0±0.5 to 8.2±0.2 in 
different treatments (Table 33). PH was always in alkaline range 
and on several occasions it reached more than 8.2 in different 
treatments with a mean above 7.5 in all the treatments. Higher 
values of pH are attributed to the utilisation of carbondioxide for 
enhanced primary productivity (Seenayya, 1972). It was evident 
from the correlation pattern between pH and carbondioxide. In all 
the treatments, pH was found inversely related with carbondioxide. 
King (1970) reported that increase in carbondioxide concentrations 
in water reduces the water pH. Waters with pH values ranging from 
about 6.5 to 9 are most suitable for fish production (Boyd, 1990). 
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Free carbondioxide, considered to be an important factor for 
primary productivity, varied from 0.3±0.4 mg/1 to 15.810.3 mg/1 in 
different treatments (Table 34). Mean carbondioxide values were 
7.18, 7.0, 8.23, 9.17 mg/1 in T-I, T-II, T-III and T-IV respectively. 
Carbondioxide values were high in post monsoon months and 
towards winter months it reduced in all the treatments. The pattern 
of variation in all the treatments was similar (Fig. 28). In the 
present experiment, carbondioxide was slightly higher than that of 
the ponds using cowdung and biogas slurry as reported by Tiripathi 
et ah, (1993). However, there was no significant relationship 
observed in the experiment in any treatment between productivity 
and carbondioxide. It may be due to higher amount of 
carbondioxide present in the water, which is not fully utilised by 
plankton for photosynthesis. Cole (1983) opined that carbondioxide 
is not always a limiting factor in primary productivity and some 
times other forms of carbon may also be used by plankton for 
primary productivity. Basheer (1991) has reported an insignificant 
relationship between carbondioxide and productivity in a pond 
receiving sewage effluents. Radheshyam and Naik (1992) also did 
not observe any significant correlation between carbondioxide and 
primary productivity in ponds. 
Dissolved oxygen showed almost same trend in different 
t reatments (Fig. 28). It varied from 5.4±0.2 mg/1 to 9.9±0.5 mg/1 in 
different treatments. The mean dissolved oxygen values were found 
to be 7.54, 7.94, 7.48 and 7.17 mg/1 in T-I, T-II, T-III and T-IV, 
respectively (Table 35). Maximum oxygen content was recorded 
during summer and rainy season in almost all the treatments. 
Dissolved oxygen kept a steady pattern in all the treatments. The 
mean variation of oxygen content in different treatments showed 
significant difference (F3,i43 = 3.90; P< 0.02). The mean dissolved 
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oxygen content was always found above 7.0 mg/1 which is in 
desirable range for fish culture (Jhingran, 1991). Slightly lower 
values were obtained in T-III and T-IV which may be due to detritus 
substra tes added to the pond in the form of compost. J e n a (1998) 
did not find any significant difference in dissolved oxygen in 
different treatments using organic manures and inorganic manures 
and he correlated it to similar growth levels of fish species, in 
different treatments. 
The highest concentration of dissolved oxygen recorded in 
Treatment-ll in July. In all the treatments, dissolved oxygen showed 
a weak positive correlation with the gross primary productivity, 
except in Treatment-II (r=0.5707; P<0.05), where mean dissolved 
oxygen was highest among all the treatments. Significant 
correlation between dissolved oxygen and gross primary 
productivity was also reported by Datta and Choudhuri (1984), 
Kumari et al. (1991) and Ghosh (1998). Relatively lower oxygen 
content in Treatment-Ill and Treatment-IV may be attributed to the 
higher organic load due to application of compost in both the 
t reatments as compared to Treatment-I and Treatment-II. Ghosh 
(1998) correlated low oxygen levels to detritus in the system. 
Biological oxygen demand (BOD) is a measure for organic 
manure loading of the experimental ponds. Chattopadhyay et al. 
(1988) suggested that sewage with a 10-20 mg/1 BOD level may be 
continuously maintained for optimum productivity levels in sewage 
fed fish ponds. In the present experiment, it varied from 2.9±0.1 
mg/1 to 8.2±0.4 mg/1 in different treatments (Table 36). As the 
experiment progressed, BOD showed a decreasing trend, in almost 
all the treatments, till the end of August. After that it started 
increasing till October and then showed a decrease (Fig. 28). The 
variations in BOD level in different the treatments were significantly 
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different (FS.MS = 13.56; P<0.05). The mean BOD level in Treatment-
IV was significantly lower as compared to other treatments. The 
lower values of BOD in T-IV and T-III may be attributed to the use 
of processed manure as observed by Tripathi et al. (1989) and 
Ayyappan et al (1990b). 
BOD levels were high in sewage treated ponds a s compared to 
compost treated ponds and this may be due to roots and other 
decaying duck weeds coming along with sewage from stabilization 
ponds. Ghosh (1998) observed a low oxygen level and high BOD 
level in a pond where detritus is accumulated from submerged 
macrophytes. BOD values were less as compared to sewage-fed 
aquaculture (Ayyappan, 2002 and Chakrabarty, 2002). However, 
these values are comparable to the values obtained in other 
aquaculture practices as reported by Patnaik et al. (1991 b) and 
Tripathi et al. (1993). BOD levels are always found high in sewage 
treated ponds and hence the productivity. BOD did not show any 
significant correlation with bacterial load in different treatments. 
Treated sewage applied into ponds might have enhanced the 
bacterial degradation of organic matter which led to higher BOD 
levels in sewage treated ponds as reported by Chakrabarty, (2002). 
Chattopadhyay et al. (1988) reported a significant higher 
productivity in sewage-fed pond with high BOD values. However, 
they did not observe significant difference in productivity between 
20 and 30 ppm of BOD levels. 
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Table - 31 
Variations in Temperature (°C) in fish culture ponds 
using sewage and compost 
(Experiment-Ill) 
MontJis 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
XI 
XII 
Overall 
mean iSD 
T-I 
25.010.0 
26.0±0.1 
27.0±0.2 
29.0±0.1 
28.3±0.3 
29.9±0.4 
30.2±0.3 
27.3±0.2 
28.2±0.2 
26.5±0.4 
23.510.5 
21.210.3 
26.8412.57a 
T-II 
25.210.2 
25.610.2 
27.510.5 
28.810.3 
28.910.4 
30.010.0 
30.510.0 
27.710.3 
27.510.5 
27.110.1 
23.310.3 
21.710.6 
26.9812.57a 
T-III 
26.210.3 
26.110.2 
26.810.2 
28.710.6 
28.510.1 
29.510.5 
30.510.5 
27.610.5 
28.110.1 
26.810.8 
22.910.1 
21.5+0.5 
26.9512.54a 
T-IV 
26.110.1 
26.2+0.2 
26.610.1 
29.1+0.1 
28.610.1 
28.6+0.2 
30.210.6 
27.6+0.4 
28.0+0.1 
27.0±0.1 
22.8+0.3 
21.7+0.4 
26.87±2.42a 
Values are expressed as MeantSD (n=3); Values of overall mean (n=36) with 
different superscripts differ significantly (P<0.05). (T-I: Sewage @ 35 m3/week, T-
II: Sewage + feed, T-III: compost @ 20 t/ha/yr, & T-IV: compost + feed) 
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Table - 32 
Variations in Transparency (cm) in fish culture ponds 
using sewage and compost 
(Experiment-III) 
Months T-! T-II T-III T-IV 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
XI 
XII 
17.011.0 
17.3±1.5 
17.0±1.0 
18.0±0.0 
22.0±2.0 
25.0±1.0 
15.310.6 
26.311.5 
28.010.0 
23.711.5 
28.312.0 
31.712.5 
17.012.0 
18.711.2 
17.011.0 
18.711.2 
22.010.0 
22.312.1 
18.713.0 
26.711.5 
31.311.5 
31.011.0 
31.312.0 
30.712.0 
20.711.5 
18.012.0 
17.011.0 
17.7+1.6 
21.0+1.0 
22.7+1.8 
16.011.0 
21.311.2 
26.011.0 
29.312.0 
35.7+1.5 
31.012.0 
18.0+1.0 
17.3±2.0 
16.3±1.5 
19.0+2.5 
21.3+2.0 
20.3+1.5 
18.3±1.5 
29.312.0 
31.011.0 
29.3±2.5 
35.0±1.0 
30.0+3.0 
Overall 
mean t S D 22.4715.42a 23.7815.9^ 23.03+6.1^ 23.78+6.48=^ 
Values are expressed as Mean+SD (n=3); Values of overall mean (n=36) with different 
superscripts differ significantly (P<0.05). (T-I: Sewage @ 35 m3/week, T-II: Sewage + 
feed, T-III: compost @ 20 t/ha/yr, & T-IV: compost + feed) 
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Table - 33 
Variations in pH in fish culture ponds 
using sewage and compost 
(Experiment-Ill) 
Months 
I 
II 
III 
IV 
V 
VI 
VH 
VIII 
IX 
X 
XI 
XII 
Overall 
mean ±SD 
T-I 
7.7±0.0 
7.8±0.1 
8.0±0.1 
7.8±0.2 
8.2±0.1 
7.8±0.1 
7.6±0.0 
7.3±0.1 
7.5±0.1 
8.0±0.2 
7.3±0.1 
7.3±0.1 
7.71±0.3a 
T-II 
7.0±0.5 
8.010.1 
8.0±0.2 
7.910.2 
8.210.2 
7.410.1 
7.6+0.1 
7.310.1 
7.510.1 
7.910.1 
7.210.2 
7.510.2 
7.62+0.393 
T-III 
8.210.1 
8.0+0.1 
7.910.2 
7.510.1 
8.210.2 
7.910.1 
7.910.1 
7.210.1 
7.610.2 
7.110.2 
7.910.1 
7.910.1 
7.7710.35« 
T-IV 
8.210.1 
7.710.2 
7.710 0 
7.610 1 
8.110 1 
7.8±0 0 
7.610 1 
7.310.2 
7.510 1 
7.210 1 
7.210 0 
7.410 1 
7.6210.32-* 
Values are expressed as Mean+SD (n=3); Values of overall mean (n=36) with 
different superscripts differ significantly (P<0.05). (T-I- Sewage fff 35 m^/ueek, T 
II- Sewage + feed, T-lII: compost @ 20 t/ha/yr, & T-IV compost + feed) 
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Fig. 27 
Monthly variations in Temperature, Transparency and pH 
(E^xperiment-III). 
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Table - 34 
Variations in CO2 (mg/l) in fish culture ponds 
using sewage and compost 
(Experiment-Ill) 
Months 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
XI 
XII 
Overall 
mean ±SD 
T-I 
3.9±0.4 
3.1±0.1 
4.0±1.0 
9.2±0.3 
0.40±0.2 
10.010.5 
11.7±0.6 
12.2±0.3 
12.810.3 
3.5+0.5 
7.210.3 
8.310.6 
7.18i4.03« 
T-II 
7.011.0 
2.510.5 
4.2+0.7 
5.310.8 
0.310.4 
11.011.0 
14.3+2.1 
11.311.2 
8.011.0 
4.011.0 
9.011.0 
7.011.0 
7.014.0a 
T-III 
4.010.1 
2.5+0.1 
4.310.6 
12+2.0 
4.710.6 
11.810.8 
11.7+1.5 
14.7+2.5 
1612.0 
9.011.0 
2.510.5 
5.711.5 
8.2314.85^ 
T-IV 
3.410.2 
5.010.2 
6.9+0.5 
11.0+0.8 
4.6±0.4 
10.9±1.0 
12.5±0.5 
15.8±0.3 
13.7±0.5 
9.710.3 
7.6+0.5 
8.8+0.2 
9.17+3,76« 
Values are expressed as MeanlSD (n=3); Values of overall mean (n=36| with 
different superscripts differ significantly (P<0.05). (T-I: Sewage @ 35 m-^/week, T-11: 
Sewage + feed, T-Ill: compost @ 20 t/ha/yr, & T-IV: compost + feed) 
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Table - 35 
Variations in Dissolved oxygen (mg/1) in fish culture 
ponds using sewage and compost 
(Experiment-Ill) 
Months 
T-I T-II T-III T-IV 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
XI 
XII 
5.9±0.3 
8.1±0.4 
7.2±0.3 
5.4±0.2 
6.8±0.2 
8.1+0.4 
9.2±0.6 
8.1±0.5 
8.1±0.4 
7.2±0.3 
8.3±0.6 
7.8±0.2 
6.5±0.3 
7.8±0.4 
8.2±0.6 
6.7±0.3 
7.1±0.4 
9.2±0.5 
9.9±0.5 
8.7±0.4 
7.9±0.2 
8.5±0.2 
7.4±0.2 
7.4±0.2 
6.9±0.1 
6.6±0.2 
7.7±0.3 
7.3±0.2 
7.110.1 
7.4±0.2 
7.9±0.5 
8.1±0.4 
7.7±0.3 
7.3±0.3 
8.3+0.4 
7.5+0.2 
6.9±0.2 
5.6+0.0 
6.1+0.2 
5.7+0.1 
6.5+0.2 
7.1+0.3 
9.1+0,4 
7.3+0.2 
7.8+0.2 
7.3+0.2 
9.1±0.5 
7.5+0.2 
Overall 7.54±1.06a.b 7.94±1.08« 7.48+0.49" 7.17+1.11" 
mean ±SD __^_^ 
Values are expressed as Mean±SD (n=3); Values of overall mean (n=36) with 
different superscripts differ significantly (P<0.05). (T-1: Sewage @ 35 m^/week, T-II: 
Sewage + feed, T-HI: compost @ 20 t/ha/yr, & T-IV: compost + feed) 
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Table - 36 
Variations in BOD (mg/1) in fish culture ponds 
using sewage and compost 
(Experiment-Ill) 
Months 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
XI 
XII 
Overall 
mean ±SD 
T-I 
7.9±0.4 
7 0±0.2 
6 3±0 3 
7 2±0 2 
7 2±0.2 
6 5+0.1 
6 7±0 2 
6 1+0 7 
5 9±0.7 
8 2±0.2 
6 3±0.3 
5.9±0.1 
6.77±0.78a 
T-II 
7.5±0.5 
7.0±0 2 
6.6+0 2 
7.0±0 2 
7 3±0 3 
8.2±0.4 
6 3±0.3 
3.8±0.3 
4.3±0.2 
8.210.3 
4.5±0.5 
4.8+0.5 
6.311.53"" 
T-III 
7.0±0 5 
7 3±0 1 
7 2±0 3 
6 9±0 1 
7 5±0 1 
6 9±0 1 
7 1+0 1 
3 4±0 2 
3 9±0 1 
6.210.2 
4 2+0 2 
4 1+0 2 
5 94+1 51h 
T-IV 
6 2+0 4 
6 1+0 2 
6 9+0 3 
6 2 i0 2 
5 2+0 3 
4 5+0 1 
4 2±0 2 
2 9^0 1 
3 2+0 2 
3 2+0 3 
5 1±0 2 
4 9±0 2 
4 88+1 29'' 
Values are expressed as MeanlSD (n=3), Values of overall mean (n=36) with 
different superscripts differ significantly (P<0 05) (T-I Sewage @ 35 m^/ueek, T II 
Sewage + feed, T III compost® 20 t/ha/yr, & T-IV- compost + feed] 
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Fig. 28 
Monthly Variations in Carbondioxide, Dissolved oxygen 
and Biological oxygen demand (BOD) 
(Experiment-Ill) 
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Total alkalinity showed an increase during initial months and 
from summer onwards it showed a declining trend and then 
stabilised towards the end of experiment except in Treatment-Ill, 
where it showed an increase during July and then declined (Fig. 
29). The total alkalinity values ranged from 70.0±2.0 mg/1 to 
161.3±2.5 mg/1 (Table 38) in different treatments. There was no 
significant difference in total alkalinity between treatments. Mean 
values of total alkalinity were recorded as 112.39 mg/1, 109.9 mg/1, 
115.3 mg/1 and 104.2 mg/1 in T-1, T-II, T-III and T-IV, respectively. 
The Values of total alkalinity are in conformity with the values 
obtained by Ayyappan et at. (1990b) and Tripathi et al. (1993) in 
fish culture ponds using organic manures . Chakrabarthy (2002) 
has reported higher values of alkalinity in sewage ponds. In the 
present experiment, total alkalinity did no show any significant 
correlation with productivity. Radheshyam and Naik (1992) 
observed an insignificant correlation between alkalinity and 
productivity in fish culture ponds. 
Hardness and calcium are related with each other and known 
to be important factors in overall productivity of fish ponds (Wetzel, 
1983). Hardness showed a similar trend in variation almost 
throughout the experiment in all the treatments (Fig. 29). All the 
treatments showed same pattern of variation in hardness . The 
average values of hardness ranged from 49.3±1.0 mg/1 to 128.0±1.0 
mg/1 in different treatments (Table 38). The mean variations in 
hardness were significantly different in different treatments (FS.HS = 
2.848; P<0.05). Total hardness and calcium were high in sewage 
treated ponds. The mean hardness ranged from 84.06 mg/1 (T-III) to 
96.81 mg/1 (T-I) and calcium ranged from 49.94 mg/1 (T-IV) to 
60.83 mg/1 (T-1). Calcium values were in the range of 25.011.0 mg/1 
to 88.3±1.5 mg/1 in different treatments. It showed an increase 
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during initial months of the study, and from the month of May 
onwards it showed a declining trend. In the end of experiment, it 
increased again (Fig. 29). All the four treatments showed similar 
trend in variations. The mean values of calcium were significantly 
different in different treatments (F3,i43 = 3.148; P< 0.05). The 
values of hardness and calcium were well within the ranges as 
reported by Ghosh et al. (1984) and Tripathi et al. (1993) for 
aquacul ture ponds. However, in the present observations, no 
significant correlation was observed between hardness , calcium and 
productivity. Basheer et al. (1996) also observed an insignificant 
correlation between hardness and productivity in a pond receiving 
city sewage. 
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Table - 37 
Variations in Total Alkalinity (mg/l) in fish culture ponds 
using sewage and compost 
(Experiment-Ill) 
Months 
T-I T-II T-III T IV 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
XI 
XII 
121 0±2 6 
119 7±3 2 
145 0±2 0 
140 7±2 2 
160 7±1 2 
121 3+2 3 
100 7±3 2 
76 3±1 5 
82 0±2 0 
82 7±3 5 
98 7+2 5 
100 0±2 0 
133 7±2 3 
121 7±3 0 
150 7±2 8 
132 7±3 1 
136 0±2 5 
110 0±3 2 
102 0±2 4 
70 0±2 0 
74 3±3 2 
75 3±3 0 
98 3+4 2 
113 7±3 5 
121±2 0 
114±3 0 
145 3±2 2 
129 7±1 6 
161 3±2 5 
113±2 0 
161±3 0 
81 0±2 0 
77 0±2 0 
69 7±2 6 
100 7±2 5 
110 3+2 0 
144±2 5 
119±1 0 
122±2 0 
122±10 
136±2 0 
99 3±1 2 
89 0±1 0 
73 7±1 5 
59 3±1 2 
74 7+1 5 
99 Oil 0 
112 7±1 5 
Overall 
mean ±SD 112 39±26 2a 109 9±25 95« 115 3±29 8« 104 2±25 58" 
Values are expressed as MeaniSD (n=3), Values of overall mean (n=36) with 
different superscripts differ significantly (P<0 05) (T 1 Sewage @ 35 m^/week, T I! 
Sewage + feed, T-lII compost @ 20 t/ha/yr, & T IV compost + feed) 
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Table - 38 
Variations in Hardness (mg/1) in fish culture ponds 
using sewage and compost 
(Experiment-Ill) 
Months 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
XI 
XII 
Overall 
mean ±SD 
T-I 
121 7+1 5 
123 7±1 5 
115 7±1 5 
115 3+2 5 
92 7±2 5 
103 3±3 1 
83 0±3 0 
73 0±2 6 
75 0±2 6 
82 3±2 1 
86 7±1 5 
89 3±1 2 
96 81±17 9^ 
T-II 
121 3±3 2 
123 0±2 6 
124 3±3 1 
114 0±1 0 
116 3±1 5 
84 7±3 2 
78 3±2 9 
54 3±2 1 
57 7+1 5 
69 0±1 7 
89 3±2 1 
91 0±2 6 
93 61±25 07« 
T-III 
128±10 
101±1 0 
89 0±1 0 
89 0±1 0 
116±1 0 
79 0±1 0 
69 0±1 0 
54 7+0 6 
56 3±1 2 
68 7±0 6 
77 3±1 2 
80 7±0 6 
84 06±21 7b 
T IV 
126±1 0 
100 3±2 5 
91 3±1 2 
76 7±1 5 
109+1 0 
69 3*-1 2 
810+15 
49 3± 1 0 
53 0±1 0 
69 7+1 5 
98 7±1 5 
102 7+2 1 
85 58+22 5i> 
Values are expressed as MeantSD (n=3), Values of overall mean (n=36) with 
different superscripts differ significantly (P<0 05) (T I Sewage @ 35 m^/week T II 
Sewage + feed, T III compost @ 20 t/ha/yr, & T IV compost + feed) 
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Table - 39 
Variations in Calcium (mg/l) in fish culture ponds 
using sewage and compost 
(Experiment-Ill) 
Months 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
XI 
XII 
Overall 
meaniSD 
T I 
46 3±1 5 
74 3+1 2 
77 0±1 7 
88 3±1 5 
58 3±2 1 
63 3+2 9 
59 3±3 1 
42 7+2 3 
46 7±2 5 
54 7±1 5 
57 7±2 5 
61 3±4 0 
60 83+13 3« 
T-II 
77 3±2 5 
63 0±2 0 
83 0±2 0 
80 0±2 0 
85 3±1 2 
58 3±1 2 
49 0±1 7 
26 3±1 2 
26 3±1 5 
46 3±2 1 
59 7±2 5 
65 0±1 0 
59 97+19 66« 
T-III 
81 Oil 0 
79 0±1 0 
64 0±1 0 
65 7±0 6 
76 3±1 2 
60 7±0 6 
41 3±1 2 
35 7±0 6 
37 3±1 2 
35 7+0 6 
49 Oil 0 
45 0±1 0 
55 89+16 9a h 
T-IV 
74 0+1 5 
42 5±1 0 
49 Oil 0 
51 0i2 0 
69 3il 2 
51 Oil 0 
33 7il 5 
25 Oil 0 
26 Oil 0 
39 3il 2 
68 Oil 0 
69 Oil 5 
49 94il6 83" 
Values are expressed as MeaniSD (n=3), Values of overall mean (n=36) with 
different superscripts differ significantly (P<0 05) (T I Sewage @ 35 m^/week T II 
Sewage + feed, T HI compost® 20 t/ha/yr, & T IV compost + feed) 
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Fig. 29 
Monthly Variations in Total Alkalinity, 
Hardness and Calcium 
(Experiment-Ill) 
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Apart from carbon, requirements of nitrogen and phosphorus 
in carp culture ponds are generally higher than other essential 
nutrient elements, hence supplemented through manures to 
enhance the pond productivity and fish production. In the pond 
eco-system, nitrogen and phosphorus are mostly present in the 
complex organic forms. The conversion process of complex organic 
forms of nitrogen and phosphorus to simple inorganic forms is 
known as mineralisation and is carried out by various groups of 
microorganisms, which function at different energy levels depending 
mainly on environmental factors and nutrient s tatus. 
Nitrogen in the form of ammonia is readily available for the 
autotrophs in manured ponds. When other forms of nitrogen are 
exhausted, it provides source of recycled nitrogen for growth of 
plankton (Goldman and Home, 1983). Nitrite-nitrogen, Nitrate-
nitrogen and Ammonia-nitrogen in four treatments using sewage 
and compost were studied. Nitrite-nitrogen varied from 
0.003±0.001mg/l to 0.825±0.010 mg/1 (Table 40) showing an 
irregular pattern of increase and decrease throughout the 
experiment in all the treatments (Fig. 30). The mean variation in 
Nitrite-nitrogen in different treatments did not differ significantly 
(F3,i43 = 2.448; P>0.05). It may be due to transformation into other 
forms of nitrogen. Elliot et al. (1983) opined that Nitrite-nitrogen is 
the intermediate form of nitrogen, which may be reduced to 
ammonia or oxidized to nitrate depending upon physico-chemical 
chemical characteristics of water. J a n a and Barat (1992) have 
observed a high Nitrite-nitrogen content in carp polyculture ponds 
using organic manures . 
Nitrate-nitrogen values were in the very low range and varied 
from 0.00510.002 mg/1 to 1.080±0.053 mg/1 (Table 41). Nitrate-
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nitrogen also did not show any particular trend in variations 
throughout the experiment (Fig. 30). It may be due to the utilisation 
of nitrate nitrogen by available plankton. Ammonia-nitrogen also 
showed very irregular pattern of increase and decrease in almost all 
the treatments. It varied from 0.006±0.001 mg/1 to 0.30±0.04 mg/1 
in different treatments (Table 42). After summer months it 
drastically declined till the end of the experiment, except in 
Treatment-Ill, where it showed an increase during October and 
December (Fig. 31). 
Different forms of nitrogen observed in the present 
experiment did not show any significant difference between different 
treatments, except in Ammonia-nitrogen in Treatment-Ill. In this 
treatment, mean Ammonia-nitrogen was relatively higher (0.140 
mg/1) as compared to other treatments. This may be due to higher 
decomposition of organic material and reduction in nitrification 
process in the pond as also reported by Ghosh (1998). In the 
present experiment, total nitrogen content of the ponds is lower as 
compared to the observations made by Chakrabarty (2002) from the 
ponds treated with city sewage. In this experiment, the sewage was 
drawn from a housing colony consisting of ju s t 110 houses. 
Analysis of the sewage showed it a weak sewage in terms of 
nutr ients that it is weak sewage in terms of nutr ients . This sewage 
is passed through a stabilisation pond, where most of the nutrients 
are utilised by duckweeds and plankton. Hence, the values of 
nitrogen are less in the ponds. However, the available amounts of 
different forms of nitrogen in different t reatments are almost same 
as required for aquaculture practices using cowdung and biogas 
slurry as manure (Tripathi et ai, 1993). Total nitrogen content in 
different t reatments did not show significant correlation except in 
Treatment-I, where a positive correlation was obtained between 
NO2-N (r=0.5829, P<0.05) with phytoplankton. NH4-N also showed 
170 
positive and significant correlation (r=0.7066, P<0.01) with 
phytoplankton. However, no significant correlation could be 
observed between nitrogen and primary productivity. Ghosh et al. 
(1979) and Radheshyam and Naik (1992) have also reported an 
insignificant correlation between nutrients and primary productivity 
in fish ponds. 
Phosphate-phosphorus is considered to be a limiting factor in 
pond productivity. It varied from 0.012±0.002 mg/1 to 0.206±0.023 
mg/1 in different treatments (Table 43). During summer months, 
Phosphate-phosphorus showed a spurt in all the treatments and 
later showed a steady decline towards the end of the experiment 
(Fig. 31) except in Treatment-IV, where it showed a slightly higher 
value during December. Mean variations in phosphate phosphorus 
values showed significant difference in different t reatments (F3,i43 
=4.72; P<0.01). Seasonal peak of phosphorus was found in summer 
months (May-July) in all the treatments. The higher concentration 
of phosphorus in ponds in summer months is in conformity with 
findings of Branco and Senna (1996). The higher availability of 
phosphorus may be due to microbial activity especially during 
summer when temperature was high (Ghosh 1998). In the present 
experiment, a positive correlation between temperature and 
phosphorus, in different treatments, T-I (r=0.44), T-II (r=0.46), T-III 
(r=0.58), T-IV (r=0.053) affirms the above findings. The levels of 
phosphorus are similar with the levels in aquaculture ponds using 
cowdung and biogas slurry (Tripathi et al, 1993) but lower than the 
levels reported by Ghosh et al. (1984) from sewage fed fish culture 
ponds. 
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Table - 4 0 
Variations in Nitrite-nitrogen (mg/I) in fish culture ponds 
using sewage and compost 
(Experiment-Ill) 
Months 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
XI 
XII 
Overall 
meantSD 
T-I 
0.028±0.003 
0.018±0.002 
0.007±0.003 
0.271±0.017 
0.410±0.017 
0.210±0.020 
0.093±0.006 
0.170±0.044 
0.043±0.035 
0.02810.003 
0.25110.029 
0.19110.009 
0.143+0.13« 
T-II 
0.16810.002 
0.01010.001 
0.00310.001 
0.43610.012 
0.02910.001 
0.17910.003 
0.05810.002 
0.03610.002 
0.02510.005 
0.01310.005 
0.04710.002 
0.04810.003 
0.08810.12'' 
T-III 
0.01310.001 
0.02910,002 
0.06810.002 
0.15110.008 
0.37010.010 
0.57810.016 
0.11710.006 
0.14510.001 
0.01110.001 
0.62710.006 
0.09610.006 
0.13510.005 
0.195+0.2 P' 
T-IV 
0.00710.001 
0.085+0.002 
0.31810.002 
0.48210.002 
0.23110.001 
0.825+0.010 
0.064+0.002 
0.038±0.001 
O.OIUO.OOI 
0.01110.002 
0.045+0.001 
0.03210.001 
0.179r:0.245a 
Values are expressed as Mean±SD (n=3); Values of overall mean (n=36) with different 
superscripts differ significantly (P<0.05). (T-1: Sewage @ 35 m^/week, T-II: Sewage + 
feed, T-III: compost® 20 t/ha/yr, &T-IV: compost + feed) 
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Table - 41 
Variations in Nitrate-nitrogen (mg/1) in fish culture ponds 
using sewage and compost 
(Experiment-Ill) 
Months 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
XI 
XII 
Overall 
mean ±SD 
T-I 
0.015±0.001 
0.025±0 003 
0.094±0.005 
0.101±0.008 
1.08010.053 
0.307±0.101 
0.071±0.001 
0.071+0.006 
0.511±0.010 
0.04710.004 
0.014+0.006 
0.013±0.003 
0.196±0.31« 
T-II 
0.497±0.016 
0.143±0.006 
0.117±0.004 
0.108±0.003 
0.43210.046 
0.258+0.042 
0.05310.006 
0.03910.002 
0.01510.003 
0.06910.002 
0.01210.003 
0.06510.003 
0.15110.158'' 
T-IIl 
0.00710.001 
0.96010.010 
0.13310.003 
0.08310.004 
0.00510.002 
0.57410.003 
0.37710.001 
0.24410.002 
0.01410.004 
0.56510.003 
0.05810.001 
0.08510.004 
0.25910.29-' 
T-IV 
0.071i0.001 
0.116t0.001 
0.11110.001 
0.081+0.001 
0.716+0.001 
0.817+0.015 
0.152+0.001 
0.056+0.002 
0.005+0.001 
0.016^0.001 
0.04710.001 
0.103+0.001 
0.19110.265a 
Values are expressed as MeaniSD (n=3); Values of overall mean (n=36) with different 
superscripts differ significantly (P<0.05). (T-I: Sewage @ 35 m^/week, T-IP Sewage + 
feed, T-III: compost (if 20 t / ha /y r , & T-IV: compost + feed) 
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Fig. 30 
Monthly variations in Nitrite-nitrogen and Nitrate-nitrogen 
(E^periment-III) 
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Table - 42 
Variations in Ammonia-nitrogen (mg/1) in fish culture ponds 
using sewage and compost 
(Experiment-Ill) 
Months 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
XI 
XII 
Overall 
meaniSD 
T-I 
0 051±0.002 
0 025±0.004 
0.110±0.002 
0.130±0.005 
0.185±0.007 
0.233±0.025 
0.065+0.006 
0.057+0.006 
0.040±0.044 
0.022±0.016 
0.040±0.010 
0.150±0.050 
0.092±0.070=> 
T-II 
0.106±0.006 
0.029±0.000 
0.104±0.004 
0.073±0.003 
0.249±0.013 
0.073±0.003 
0.006±0.001 
0.015±0.005 
0.014±0.004 
0.012±0.003 
0.027±0.006 
0.020±0.003 
0.061±0.067a 
T-III 
0.234±0.003 
0.233±0.031 
0.163±0.001 
0.082±0.002 
0.24210.002 
0.10510.001 
0.09410.005 
0.02310.001 
0.01510.005 
0.25510.003 
0.09110.001 
0.14410.004 
0.14010.080" 
T-IV 
0.01710.001 
0.01710.001 
0.10610.003 
0.20610.001 
0.02610.002 
0.30010.040 
0.01710.001 
0.02510.002 
0.01410.005 
0.01310.004 
0.033+0.004 
0.02210.002 
0.06610 190^ 
Values are expressed as MeanlSD (n=3); Values of overall mean (n=36) with different 
superscripts differ significantly (P<0.05). (T-l: Sewage @ 35 m^/week, T-11: Sewage + 
feed, T-III: compost (ff 20 t/ha/yr, & T-IV: compost + feed) 
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Table - 4 3 
Variations in Phosphate-phosphorus (mg/1) in fish culture 
ponds using sewage and compost 
(Experiment-Ill) 
Months 
I 
II 
III 
IV 
V 
VI 
VII 
VHI 
IX 
X 
XI 
XII 
Overall 
mean ±SD 
T-I 
0.144±0.006 
0.034±0.004 
0.012+0.007 
0.12310.015 
0.127±0.003 
0.206±0.023 
0.083±0.011 
0.080±0.001 
0.023±0.015 
0.027±0.021 
0.027±0.006 
0.047+0.006 
0.078±0.06« 
T-II 
0.060±0.002 
0.040±0.002 
0.014±0.001 
0.08410.002 
0.05810.002 
0.09410.002 
0.06210.003 
0.02610.002 
0.05710.002 
0.01310.004 
0.013+0.002 
0.04810.003 
0.047+0.026" 
T-IIl 
0.06310.002 
0.0310.001 
0.07410.002 
0.03310.001 
0.07610.001 
0.17510.003 
0.09310.005 
0.03310.001 
0.07310.004 
0.01310.003 
0.012+0.002 
0.035+0.001 
0.06l0.04« " 
T-IV 
0.01410.002 
0.02710.002 
0.036+0.003 
0.05710.002 
0.064+0.001 
0.086+0.002 
0.074+0.001 
0.02510.003 
0.01510.002 
0.01110.001 
0.01210.002 
0.104+0.006 
0.044 ±0.032" 
Values are expressed as MeanlSD (n=3); Values of overall mean (n=36) with different 
superscripts differ significantly (P<0.05). (T-I: Sewage @ 35 m3/week, T-II: Sewage + 
feed, T-IIl: compost (a 20 t/ha/yr, &T-IV: compost + feed) 
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Fig. 31 
Monthly variations in Ammonia-nitrogen and 
Phosphate-phosphorus 
(E^periment-III) 
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4.4 .2 . Plankton 
Phytoplankton forms the major group of primary producers of 
the pond ecosystem. In most of the treatments, it showed an 
increase till summer months and then declined towards the end of 
experiment (Fig. 32), except in Treatment-IV, where it showed a 
declining trend from the beginning till the end of the experiment. In 
different treatments, phytoplankton numbers ranged from 147±34 
nos . /ml to 831 ±28 nos. /ml (Table 44). Phytoplankton showed 
significant difeerence in different treatments (F3,i43=2.75; P<0.05). 
Monthly mean phytoplankton values were significantly lower in 
Treatment-II as compared to other treatments. Monthly variations 
of major groups of phytoplankton are shown in Figs. 33 a & b. In all 
the t reatments ,Myxophyceae dominated the phytoplankton (Table 
45). Mean composition of the phytoplankton is shown in the Figs. 
34 a & b. In all the treatments, Myxophyceae is followed 
Bacillariophyceae, Desmidiaceae, Chlorophyceae and 
Euglenophyceae, except in Treatment-IV, where Chlorophyceae 
dominated over others. 
There is a significant difference in phytoplankton between 
treatments and the mean phytoplankton numbers were 501 
nos . /ml (T-I), 397 nos. /ml (T-II), 473 nos . /ml (T-lII), and 464 
nos . /ml (T-IV). The values of phytoplankton are similar with that of 
Tripathi et al. (1993) for fish culture ponds using organic manures. 
The lowest values were in Treatment-II followed by Treatment-IV. 
This may be due to higher fish biomass present in the treatment, 
which might have utilised the plankton vigourously. Ghosh (1998) 
also reported lower phytoplankton values where high biomass of 
fish was present. No significant correlation was observed between 
phytoplankton and primary productivity in any of the treatments. 
This indicates that apart from phytoplankton, bacterioplankton and 
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photosynthetic bacteria may also play an important role in primary 
productivity in these ponds. Kirchman and Ducklow (1987) 
empasised importance of free-living bacteria and particle bound 
bacteria in trophic dynamics freshwater ecosystems. Ayyappan et 
al. (1991b) have also observed a correlation between bacterial 
population and primary production in organically manured ponds. 
Monthly mean composition of the phytoplankton shows 
Myxophyceae as a dominant group in all the treatments followed by 
Bacillariophyceae and Chlorophyceae. Ghosh (1987) and 
Chakrabarty (2002) reported a high incidence of Myxophyceae in 
sewage treated ponds. 
Zooplankton, in general, showed a declining trend except 
during June-August, where it showed an upward trend. They again 
declined towards the end of the experiment, except in T-Il and T-IV, 
where they showed an increase during second month and then 
declined gradually (Fig. 32). Zooplankton values were in the range 
of 127±7 nos. / l to 630±18 nos./l- Mean zooplankton in compost 
treated ponds were 334 nos. / l (T-III) and 357 nos. / l (T-IV) and that 
of sewage treated pond were 262 nos. / l (T-I) and 233 nos. / l (T-II) 
(Table 46). Variations in mean values of zooplankton showed 
significant difference in different treatments (Fa.ua =14.01; 
P<0.001). Monthly variations of major groups of zooplankton are 
shown in Figs. 35 a Ss b. Copepods and rotifers were the dominant 
groups in different treatments (Table 47). Mean composition of the 
zooplankton as shown in Figs. 36 a & b, showed the dominance of 
cladocera in Treatment-I, followed by copepods, rotifers and nauplii 
larvae. In Treatment-II, copepods dominated, followed by nauplii 
larvae, rotifers and cladocera. In Treatment-Ill, zooplankton were 
tend to be dominated by copepods, followed by cladocera, rotifers 
and nauplii larvae. In Treatment-IV, copepods were found to 
dominate, followed by nauplii larvae, rotifers and cladocera. 
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The significant difference of zooplankton between sewage 
treated ponds and compost treated ponds may be attributed to 
heterotrophic food chain in compost treated ponds as compared to 
sewage treated ponds. Ayyappan et al. (1991b) have opined that 
heterotrophy plays a major role in zooplankton production. The 
results are in conformity with the findings of Das et al. (2002). 
Zooplankton showed a positive correlation with phytoplankton in 
Treatment-IV (r=0.5880; P<0.05), whereas in other treatment it 
showed a weak correlation. Zimmer et al. (2003) observed weak 
correlation between cladocerans, phytoplankton and nutrients in a 
wetland. The present observations, in most of the treatments, 
indicate that zooplankton productivity also depends on the detrital 
food chain. Similar observations were also been made by Olah et al. 
(1987) and Tripathi et al. (1993). Mean composition of zooplankton 
showed dominance of copepods in all the treatments, except in 
Treatment-I, where cladocera dominated in zooplankton, followed by 
copepods and rotifers. Similar observations were made by Ghosh 
(1998) in organically manured ponds. 
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Table - 4 4 
Variations in Phytoplankton (nos./ml) in fish culture 
ponds using sewage and compost 
(Experiment-Ill) 
Months 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
XI 
XII 
Overall 
mean ±SD 
T-I 
384±12 
429±25 
421+15 
675±25 
612±24 
831+28 
469±17 
679±17 
414±10 
293±10 
399±15 
406±17 
501±156a 
T-II 
158±17 
147±34 
386±21 
532±27 
537±21 
628±17 
415±18 
400118 
332±13 
307±10 
458±16 
459+14 
397±141b 
T-III 
527+51 
409±81 
259±27 
477±74 
537+27 
724±53 
709127 
495184 
369151 
334119 
418156 
411159 
4731136« 
T-IV 
677122 
681121 
602116 
570110 
535112 
520+21 
354114 
425111 
361114 
394116 
214116 
232114 
464ll99«h 
Values are expressed as MeanlSD (n=3); Values of overall mean (n=36) with 
difTerent superscripts differ significantly (P<0.05). (T-I: Sewage (ff, 35 m''/week, T-
11: Sewage + feed, Till: compost @ 20 t/ha/yr, & T-IV: compost + feed) 
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Table - 45 
Variations in monthly mean composition of Phytoplankton (nos./ml) 
in fish culture ponds using sewage and compost 
(Experiment-Ill) 
II III IV V VI VII VIII IX X XI XII Mean 
Treatment-I 
Myxophyceae 76 45 189 249 231 350 134 243 185 109 159 182 179 
Chlorophyceae 59 52 73 87 98 69 100 71 24 34 35 48 63 
Bacillariophyceae 223 332 159 272 157 159 111 130 87 69 104 95 158 
Desmidiaceae 27 0 0 47 80 166 74 134 39 49 75 81 64 
Euglenophyceae 0 0 0 20 46 86 51 102 79 32 26 0 37 
Total 385 429 421 675 612 830 470 680 414 293 399 406 501 
Treatment-II 
Myxophyceae 61 59 195 234 213 168 184 167 112 136 181 195 159 
Chlorophyceae 69 50 79 79 64 115 104 59 55 46 83 73 73 
Bacillariophyceae 28 38 55 59 85 149 49 84 82 68 103 96 75 
Desmidiaceae 0 0 40 68 71 92 37 55 66 54 73 60 51 
Euglenophyceae 0 0 17 91 104 104 41 35 17 3 18 35 39 
Total 158 147 386 531 537 628 415 400 332 307 458 459 397 
Treatment-Ill 
Myxophyceae 144 129 87 149 156 185 237 203 181 139 187 149 162 
Chlorophyceae 89 74 25 67 59 72 87 75 49 33 72 48 63 
Bacillariophyceae 92 157 119 132 141 215 163 59 31 97 98 88 116 
Desmidiaceae 203 49 28 97 107 145 151 115 81 65 61 97 100 
Euglenophyceae 0 0 0 33 74 108 71 43 27 0 0 30 32 
Total 528 409 259 478 537 725 709 495 369 334 418 412 473 
Treatment-IV 
Myxophyceae 76 123 187 194 202 261 136 126 132 156 122 87 150 
Chlorophyceae 160 358 162 84 91 82 82 67 85 79 29 73 113 
Bacillariophyceae 390 151 140 148 96 78 51 84 71 85 44 38 115 
Desmidiaceae 51 49 88 95 84 49 45 75 53 74 18 33 60 
Euglenophyceae 0 0 25 49 62 50 40 72 19 0 0 0 26 
Total 677 681 602 570 535 520 354 424 360 394 213 231 463 
182 
Table - 46 
Variations in Zooplankton (nos./l) in fish culture ponds 
using sewage and compost 
(Experiment-Ill) 
Months 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
XI 
XII 
Overall 
mean±SD 
T-I 
443+13 
375±6 
363+10 
353±6 
210±9 
240±16 
352±22 
213±8 
178±11 
132±6 
127±7 
156+10 
262±106« 
T-II 
277±12 
413±17 
231 ±6 
166±7 
285±9 
186±7 
196±9 
224±8 
203±6 
197±20 
237±16 
185±8 
233±66a 
T-III 
469121 
413±15 
299+10 
301±15 
346±l4 
286±25 
384±16 
422+13 
304±12 
19419 
34916 
23716 
334178" 
T-IV 
408+15 
630+18 
478+13 
385+11 
25918 
407+16 
313+6 
26318 
22715 
212+9 
357+16 
342+11 
3571115" 
Values are expressed as Mean±SD (n=3); Values of overall mean (n=36) with 
different superscripts differ significantly (P<0.05). (T-I: Sewage @ 35 m^/week, T-
II: Sewage + feed, T-lIl: compost® 20 t/ha/yr, &T-IV: compost + feed) 
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Table - 47 
Variations in monthly mean composition of Zooplankton (nos./l) 
in fish culture ponds using sewage and compost 
(Experiment-Ill) 
Treatment-I 
Rotifera 
Copepoda 
Cladocera 
Nauplii larvae 
Total 
II III IV VI VII VIII IX X XI XII Mean 
41 19 67 83 109 154 143 137 117 79 77 100 94 
128 118 92 104 108 58 87 53 39 48 40 53 77 
170 206 149 192 65 114 87 66 60 31 56 44 103 
92 61 76 76 45 76 48 77 13 17 34 39 55 
431 404 384 455 327 402 365 333 229 175 207 236 329 
Treatment-II 
Rotifera 
Copepoda 
Cladocera 
Nauplii larvae 
Total 
0 0 0 27 95 48 72 88 
150 251 167 76 74 42 42 72 
42 75 27 14 28 31 24 29 
85 88 38 48 87 64 58 35 
99 57 
41 56 
18 50 
77 39 
55 35 
45 25 
45 34 60 85 
277 414 232 165 284 185 196 224 203 197 237 184 
50 
88 
34 
61 
233 
Treatment-Ill 
Rotifera 
Copepoda 
Cladocera 
Nauplii larvae 
Total 
Treatment-IV 
0 0 0 43 105 107 197 221 59 44 77 85 78 
217 205 129 97 133 54 84 111 89 73 85 33 109 
179 111 91 113 74 77 59 47 45 37 63 81 81 
74 97 79 49 34 49 45 44 111 40 123 39 65 
470 413 299 302 346 287 385 423 304 194 348 238 334 
Rotifera 
Copepoda 
Cladocera 
Nauplii larvae 
Total 
4 0 0 25 88 157 109 84 
284 408 311 215 52 81 84 72 
86 95 87 73 27 73 42 28 
35 127 79 71 91 96 78 79 
76 65 111 99 
44 28 88 105 
37 27 82 72 
70 92 76 66 
409 630 477 384 258 407 313 263 227 212 357 342 
68 
148 
61 
80 
357 
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Fig. 32 
Monthly Variations in Phytoplankton and Zooplankton 
(Experiment-Ill) 
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Fig. 33 a 
Monthly variations in composition of Phytoplankton 
(Experiment-Ill) 
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Fig. 33 b 
Monthly Variations in composition of phytoplankton 
(Experiment-Ill) 
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Fig. 34 a 
Mean composition of Phytoplankton 
(Experiment-Ill) 
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Fig. 34 b 
Mean composition of phjrtoplankton 
(Experiment-Ill) 
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Fig. 35 a 
Monthly Variations in composition of zooplankton 
(Experiment-Ill) 
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Fig. 35 b 
Monthly Variations in composition of zooplankton 
(Experiment-Ill) 
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Fig 36 a 
Mean composition of zooplankton 
(Experiment-Ill) 
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Fig. 36 b 
Mean composition of zooplankton 
(Experiment-Ill) 
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4.4 .3 . Primary productivity 
The mean values of gross primary productivity were 4.79 
gC/m3/d, 4.78 gC/m3/d, 4.98 gC/m^/d and 4.21 gC/m3/d in T-I, 
T-II, T-III and T-IV, respectively. In all the treatments, it showed a 
similar trend of variations, except in Treatment-Ill, where were 
observed two peaks during March and July (Fig. 37). The maximum 
(8.5410.03 g C/m3/d) and minimum (2.88±0.32 g C/m^/d) values 
were recorded in Treatment-Ill in the month of July and August 
respectively (Table 48). Significant differences in mean values of 
gross productivity in different treatments were recorded (F3,i43 = 
6.538; P<0.001). The mean gross primary productivity in 
Treatment-IV was significantly lower than that of the other 
treatments. The net primary productivity was in the range of 
0.47±0.03 g C / m V d to 5.29±0.68 g C/m^/d (Table 49), but showed 
irregularity in variations in different months throughout the 
experiment (Fig. 37). Significant differences were observed in net 
primary productivity in different treatments (F3,i43 =19.34; 
P<0.001). Net productivity, in both compost treated ponds, was less 
as compared to sewage treated ponds. Community respiration also 
showed fluctuations in different months of the experiment (Fig. 37). 
Treatment-Ill showed a higher respiration rate in the months of 
March and July. Overall, it ranged from 0.52±0.08 g C/m^/d to 
6.83±0.15 g C/m3/d (Table 50). 
Mean gross primary production levels were higher in all the 
treatments, 4.79 g C/m3/d, 4.78 g C / m V d , 4.98 gC/m3/d and 4.21 
g C/m3/d in T-I, T-II, T-III and T-IV, respectively. The community 
respiration showed significant difference in different treatments 
(F3,143=5.72; P<0.001). The mean productivity in Treatment-IV was 
significantly less as compared to other treatments. The values are 
in conformity with those of tropic natural productive ponds 
(Sumitra, 1971, Sreenivasan, 1972; Olah etal, 1986; J a n a and De, 
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1988 and Radheshyam and Naik, 1992) and that of fish ponds 
under different management practices (Ayyappan et ai, 1990b; 
Tripathi et ai, 1989). In first three treatments, in some months, 
more than 5 gC/m^/d productivity was recorded, which is 
considered to be a characteristic of eutrophic water bodies 
(Brylinsky and Mann, 1973). 
The average net productivity values were 2.89, 3.05, 2.07, 
1.81 g C/m3/d in Treatment-I, Treatment-11, Treatment-Ill and 
Treatment-IV respectively. In compost treated ponds, the mean net 
productivity was significantly less than the sewage treated ponds. 
Significant correlation was observed between gross and net primary 
productivity in sewage treated ponds (r=0.626; P<0.05 in T-I; r= 
0.50; P<0.1 in T-II), whereas a weak correlation was observed in 
compost treated ponds. This indicates higher oxygen consumption 
in compost treated ponds due to high bacterial activity and 
plankton, as it is evident from community respiration data (Table 
50). Community respiration values, in different treatments, were 
1.89, 1.73, 2.91, 2.40 g C/m^/d in Treatment-I, Treatment-II, 
Treatment-Ill and Treatment-IV, respectively. Respiration was high 
in compost treated ponds and it was significantly high in 
Treatment-Ill. A3'yappan et al (1990b) have reported significantly 
high respiration values in organically manured ponds resulting in 
negative net productivity. The productivity values in the present 
study, are slightly lower than the values reported by Chakrabarty 
(2002) in sewage culture ponds but higher than the values reported 
from cowdung and biogas slurry treated ponds (Tripathi et ai, 
1993). Community respiration also showed relatively higher vailues 
in some months, corresponding to higher gross productivity. This 
may occur due to various reasons like sinking and grazing of 
plankton, oxygen consumption by particulate and dissolved organic 
matter or microbial activity (Steweart et al.^ 1977). 
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Table - 4 8 
Variations in Gross primary productivity (g C/m^/d) 
in fish culture ponds using sewage and compost 
(Experiment-Ill) 
Months 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
XI 
XII 
Overall 
me£in±SD 
T-I 
3.20±0.05 
6.7310.64 
7.39±0.13 
4.10±0.13 
4.10±0.13 
4.58±0.14 
3.65±0.09 
4.02±0.03 
4.97±0.03 
5.22±0.05 
4.7510.25 
4.75±0.43 
4.79±1.20a 
T-II 
3.3810.20 
4.5010.00 
6.4210.38 
3.2210.06 
4.0210.03 
5.6710.07 
4.5010.20 
4.9710.03 
4.74+0.01 
7.3110.10 
4.0210.03 
4.6610.14 
4.7811.16a 
T-III 
4.80+0.26 
3.2510.21 
7.8310.07 
5.8210.06 
4.3510.13 
5.6310.12 
8.5410.03 
2.8810.32 
3.3710.12 
4.7410.01 
4.8810.12 
3.6510.09 
4.9811.72" 
T-IV 
4.00+0.15 
2.8910.13 
4.7410.01 
2.82+0.16 
4.00+0.20 
2.9410.05 
4.8310.14 
3.65+0.09 
3.80+0.26 
4.7510.20 
4.08+0.14 
3.08+0.14 
4.21l0.73h 
Values are expressed as MeanlSD (n=3); Values of overall mean (n=36) with 
different superscripts differ significantly (P<0.05). (T-I: Sewage (u 35 m^/week, T-
II: Sewage + feed, T-III: compost® 20 t/ha/yr, & T-IV: compost + feed) 
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Table - 49 
Variations in net primary productivity (g C/m^/d) 
in fish culture ponds using sewage and compost 
(Experiment-Ill) 
Months 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
XI 
XII 
Overall 
mean iSD 
T-I 
2.6810.08 
5.2910.68 
3.0010.66 
2.2510.15 
2.3310.14 
3.1310.13 
2.1710.28 
1.6710.29 
3.8510.30 
2.7210.03 
2.4210.29 
3.2210.26 
2.89+0.96* 
T-II 
2.7210.03 
3.5410.19 
4.3310.29 
2.48+0.42 
2.1710.14 
2.2111.06 
2.4210.14 
4.0210.03 
3.5410.19 
3.3810.32 
2.6510.13 
3.1410.13 
3.0510.76'' 
T-III 
0.6310.32 
0.86+0.33 
1.13+0.12 
4.8810.12 
2.25+0.10 
2.5510.26 
1.71+0.18 
2.11+0.01 
1.5010.10 
3.1510.12 
1.8010.13 
2.2510.10 
2.07+1.12'> 
T-IV 
0.47J-0.03 
0.67+0.00 
0.99+0.43 
1.77+0.03 
2.25H0.12 
2.25+0.05 
2.75^0.43 
2.57+0.12 
1.5010.08 
1.8710.12 
1.4810.23 
1.40±0.09 
1.81 iO.72'-
Values are expressed as MeantSD (n=3); Values of overall mean (n=36| with 
different superscripts differ significantly (P<0.05). (T-I: Sewage '^d 35 m-^/week, T 
II: Sewage + feed, T-III: compost® 20 t/ha/yr, & T-IV: compost + feed) 
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Table - 50 
Variations in community respiration (g C/m^/d) 
in fish culture ponds using sewage and compost 
(Experiment-Ill) 
Months 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
XI 
XII 
Overall 
mean±SD 
T-I 
0.52+0.08 
1.44+0.48 
4.32±0.56 
1.85+0.13 
1.77+0.03 
1.45±0.09 
1.48+0.20 
2.35+0.30 
1.12+0.33 
2.51±0.04 
2.33+0.14 
1.53±0.20 
1.8910.95^ 
T-II 
0.67±0.19 
0.96±0.19 
2.0810.52 
0.73±0.45 
1.8510.13 
3.4611.00 
2.0010.12 
0.9510.05 
1.210 18 
3.9310.39 
1.3710.13 
1.5210.25 
1.7311.06^ 
T-III 
4.1710.58 
2.3810.55 
6.70+0.07 
0.9310.06 
2.1010.13 
3.08+0.26 
6.8310.15 
0.7810.30 
1.8710 12 
1.5910.01 
3.0810.12 
1.4010.09 
2.9112.00" 
T-I\ 
3 5310 03 
2 22±0 13 
3 7410 44 
1 0510 18 
1 7510 10 
0.6910 05 
2 0810 29 
1 08d0 18 
2 30+0 26 
2 88+0 12 
2 60+0 33 
1.68+0 20 
2.40+0 95^ 
Values are expressed as Mean±SD (n=3); Values of overall mean (n=36) with 
different superscripts differ significantly (P<0.05). (T-I: Sewage @ 35 m^/week, T-II 
Sewage + feed, T-III: compost @ 20 t/ha/yr, & T-IV: compost + feed) 
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Fig. 37 
Monthly Variations in primary production 
(Experiment-Ill) 
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4.4.4. Bacterial Coenosis 
The heterotrophic bacterial community is the most important 
component of the microbial coenoses of aquatic ecosystems, 
involved in the primary function of mineralisation of organic matter 
(Olah, 1969; Jones, 1971; Schroeder, 1978; Sugita et ai, 1985). 
The fish yield gained from culture comes nearly half to half from 
autotrophic production with mainly algae, and heterotrophic 
production with mainly bacteria (Xianzhen et ai, 1988). This 
indicates the important position occupied by the bacteria in the fish 
ponds applied with organic manure. 
Total heterotrophic bacterial count in water showed an 
increase in first few months of the study, then declined and later 
showed a uniform pattern throughout the experimental period, 
except in Treatment-I, where higher counts were recorded in the 
months of J anua ry - March as compared to other treatments (Fig. 
38). The lowest count (0.072 x 10^ cfu/ml) was recorded in the 
Treatment-Ill in the month of June , and the highest (6.280 x 10^ 
cfu/ml) was recorded in Treatment-I in March (Table 51). Mean 
heterotrophic bacterial counts of water were 1.30, 0.61, 0.45 and 
0.37 X 103/ml in Treatment-1, Treatment-II, Treatment-Ill and 
Treatment-IV, respectively. Application of different manures did not 
show any difference in heterotrophic bacterial count in water. This 
may be attributed to the availability of organic matter, which was 
more or less same in the different treatments. Kirchman and 
Ducklow (1987) opined that 90% of bacteria in freshwaters 
accounted to bacteria attached to particles. The values observed 
were in conformity with the observations made by Das and 
Mukherjee, (1999) in water in aquaculture ponds. Similar 
observations were made by J a n a et al. (1980) in different trophic 
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systems and Tripathi et al. (1993) in ponds using different doses of 
cowdung and biogas slurry. 
The sediment-water interface is an intricate system where 
complex chemical changes occur. Stocking of fish in high density, 
manuring and feeding, organic accumulations at the pond bottom 
may occur and it may affect the fish growth (Ram et al, 1980). In 
the sediments, heterotrophic bacteria showed a declining trend till 
the end of summer season, and then showed an increase during 
July-September months and after that it got steady till the end of 
the experiment (Fig. 38). The values of heterotrophic bacteria in the 
sediments ranged from 4.60 x lO'' cfu/g to 90.0 x 10'* cfu/g. The 
highest value was recorded in Treatment-Il in the month of 
January . Mean heterotrophic bacterial counts in sediment were 
31.45, 33.12, 30.27 and 26.64 x 10^ cfu/g in Treatment-1, 
Treatment-II, Treatment-Ill and Treatment-IV, respectively. In 
sediments also, heterotrophic bacteria did not show significant 
difference between the treatments. Ayyappan et al. (1998) did not 
observe any significant difference in heterotrophic bacterial count in 
different t reatments using processed lingocellulosic wastes in 
aquaculture ponds. Total count in heterotrophic bacteria in water 
and sediments did not show any significant correlation. The similar 
observation was also made on heterotrophic bacteria by J a n a et al. 
(1980) under different trophic conditions. Similar observations have 
also been made in Indian ponds by Olah et al. (1987) on bottom 
raking and bioturbation for improving the sediment-water 
interactions. 
Heterotrophic bacterial load in water and sediments were 
independent of water quality in most of the treatments. Some 
parameters exhibited correlation to heterotrophic bacteria of water, 
like Hardness (r=0.703; P<0.01), NO2-N (r=-0.564; P<0.05) in 
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Treatment-!, Hardness (r=0.0.562; P<0.05) in Treatment-II, NO3-N 
(r=0.571; P<0.05) in Treatment-Ill, and NO2-N (r=-0.539; P<0.05) in 
Treatment-IV. Total heterotrophic bacteria of sediments showed 
correlation with few parameters like temperature (r=-0.659; p<0.02) 
in Treatment-I, pH (r=-0.546; P<0.05) in Treatment-II, and 
Hardness (r=0.530; P<0.05), NO2-N (r=-0.549; P<0.05) in 
Treatment-Ill. Since no particular trend is shown in correlation 
analysis between heterotrophic bacteria and different parameters, 
among treatments, any particular reason could not be ascertained 
for these minor variations. J a n a et al. (1980) also did not observe 
any significant relationship between heterotrophic bacterial 
population and water quality parameters. Lack of significant 
correlation between bacterial population of water and bacterial 
population of sediments, may be due to intermixing of bacterial 
population in these two environments (Jana et al, 1980). 
Total coliform bacteria in water showed a uniform pattern of 
variation in all the four treatments throughout the experiment (Fig. 
39). The values were in the range of 1.3 x 10^ cfu/ml (T-IV, March) to 
56.0 X 102 cfu/ml (T-I, November) in different t reatments (Table 52). 
Analysis of variance showed no significant difference of mean 
variations in different treatments (F3,47 = 0.056; P>0.05). Total 
coliform bacterial counts in sediment were in the range of 1.2 x 10^ 
cfu/g to 17.2 X 102 cfu/g in different treatments (Table 52). Total 
coliform bacteria showed a decline during initial months and from 
April onwards it became steady till the end of the experiment. All 
t reatments showed a uniform pattern of variation (Fig. 39). Analysis 
of variance showed no significant difference of mean variations of 
total conforms in different treatments (F3,47 = 0.607; P>0.05). 
Fishes grown in ponds using wastewater may carry pathogen 
to fishermen and even to consumers (WHO, 1989) and may act as 
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potential vectors for transmission of pathogens (Geldrich and 
Clarke, 1996). Chakraborti et al. (1999) reported 32 strains of 
bacteria from Calcutta sewage fed bheris. Keeping this in mind total 
conforms in water and sediments of the sewage treated ponds and 
compost treated ponds were analysed. Mean total coliform bacteria 
in water were, 24.48, 21.96, 23.60 and 21.92 x 102/ml in 
Treatment-I, Treatment-II, Treatment-Ill and Treatment-IV, 
respectively and that of sediment were 5.27, 4.43, 6.16 and 6.27 x 
102/g. Coliform did not show any significant variation between 
treatments and it was mostly independent of hydrological 
characteristics of different treatments. The coliform values were 
found high in water as compared to total coliforms of water in 
biogas slurry treated ponds (Tripathi et at, 1993), but the values of 
coliforms in sediment are in conformity with their observations. 
However, the coliform numbers were less as compared to the 
findings of other workers (Bhowmik et al, 2000; Bhowmik and 
Chakrabarti , 2002) from sewage-fed ponds. It may be due to the 
intake of already stabilised sewage from an oxidation pond and use 
of composted organic matter. Ayyappan (2000) has observed 
reduction of coliform bacteria to the extent of 70-100% in sewage in 
a duckweed and fish based aquaculture sewage treatment system. 
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Table - 51 
Variations in Total Heterotrophic bacteria of water and 
sediments in fish culture ponds using sewage and compost 
(Experiment-Ill) 
Months 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
XI 
XII 
Overall 
meaniSD 
Water (cfu 
T-I 
3.168 
3.436 
6.280 
0.122 
0.135 
0.960 
0.102 
0.260 
0.114 
0.512 
0.528 
0.264 
1.30 
±1.89« 
T-II 
0.896 
2.368 
1.800 
0.126 
0.128 
0.124 
0.164 
0.304 
0.284 
0.448 
0.460 
0.346 
0.61 
±0.73=> 
X 103/ml) 
T-III 
0.512 
1.792 
0.320 
0.116 
0.121 
0.072 
0.150 
0.460 
0.720 
0.416 
0.440 
0.302 
0.45 
±0.46^ 
T-IV 
1.152 
0.420 
0.100 
0.132 
0.130 
0.084 
0.796 
0.32 
0.336 
0.368 
0.376 
0.268 
0.37 
±0.3la 
Sediment (cfu x 10^/g 
T-I 
79.2 
64.0 
19.2 
9.10 
10.8 
16.0 
9.60 
42.2 
8.20 
34.4 
39.2 
45.6 
31.45 
±23.47^ 
T-II 
90.0 
40.0 
30.0 
12.2 
13.2 
17.2 
28.0 
32.0 
53.6 
25.6 
28.8 
26.8 
33.12 
±21.20* 
T-III 
88.8 
48.0 
42.0 
22.0 
24.0 
4.6 
12.8 
48.0 
28.4 
12.8 
13.8 
18.0 
30.27 
±23.34-' 
) 
T-IV 
54.6 
11.2 
30.0 
21.0 
31.5 
16.4 
8.2 
28.2 
36.8 
27.2 
28.0 
26.6 
26.64 
±12.22* 
Values are expressed as Mean±SD (n=3); Values of mean with different superscripts differ 
significantly (P<0.05). (T-1: Sewage @ 35 m^/week, T-II: Sewage + feed, T-III: compost @ 20 
t/ha/yr, &T-IV: compost + feed) 
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Table - 52 
Variations in Total Coliforms of water and sediment in flsh 
culture ponds using sewage and compost 
(Experiment-Ill) 
Months 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
XI 
XII 
Mean 
±SD 
Water (cfu 
T-I 
24.8 
9.20 
18.2 
36.4 
38.2 
12.8 
1.6 
3.2 
3.0 
52.8 
56.0 
37.6 
24.48 
±19.41' ' 
T-II 
30.0 
11.5 
7.2 
32.0 
34.6 
15.2 
1.4 
3.6 
9.6 
48.8 
51.2 
18.4 
21.96 
±17.05^ 
X 1 0 2 / m l ) 
T-III 
27.2 
14.0 
12.4 
41.4 
40.5 
14.3 
1.6 
4.0 
3.9 
53.6 
52.0 
18.3 
23.60 
±18.85a 
T-IV 
29.2 
7.3 
1.3 
42.2 
48.1 
20.8 
1.8 
7.2 
3.9 
45.6 
39.2 
16.4 
21.92 
+18.16a 
Sediment (cfu x 10-^  
T-I 
10.6 
15.4 
8.2 
6.4 
3.2 
2.6 
1.5 
2.3 
3.2 
2.8 
3.6 
3.4 
5.27 
±4.18« 
T-II T-III 
8.4 17.2 
6.9 12.8 
3.8 6.8 
3.2 4.4 
6.4 3.2 
5.2 2.1 
4.1 4.0 
3.5 5.4 
3.0 3.6 
4.3 2.8 
1.2 4.6 
3.1 7.0 
4.43 6.16 
+ 1.99" ±4.48" 
7g) 
T-IV 
12.3 
15.2 
9.5 
6.4 
3.4 
2.1 
1.5 
4.1 
5.3 
5.6 
6.4 
3.4 
6.27 
±4.15« 
Values are expressed as Mean+SD (n=3); Values of mean with different superscripts 
differ significantly (P<0.05). (T-I: Sewage @ 35 m3/week, T-II: Sewage + feed, T-III: 
compost @ 20 t/ha/yr, & T-IV: compost + feed) 
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Fig. 38 
Variations in Total Heterotrophic bacteria in water and sediment 
(Experiment-Ill) 
Water 
—^K-
-T-l 
-T-ll 
•T-lll 
-T-IV 
Sediment 
^ K -
-T-l 
-T-ll 
-T-lll 
-T-IV 
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Fig. 39 
Variations in Total Coliform bacteria in water and sediment 
(Experiment-Ill) 
Water -T-l 
-T-IV 
Sediment -T-l 
-T-lll 
-T-IV 
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4.4.5 . Fish culture, survival and production 
In a polyculture experiment, advanced fry of catla, rohu, 
mrigal, silver carp and grass carp were stocked in ponds (0.02 ha) 
for studying the production efficiency using sewage and compost, 
without feed and with feed (1.5% of the body weight). The data on 
growth, survival, production rate and computed energy transfer 
efficiency are given in Table 53 and 54. 
Survival rate of catla ranged from 76.7±11.6% (T-I) to 
90.0±17.3% (T-III), of rohu from 57.3±8.3% (T-1) to 90.7±9.2% (T-IV), 
of mrigal from 63.3± 12.3% (T-I) to 90.0±13.2% (T-IV), of silver carp 
from 70.0±8.7% (T-III) to 86.7±5.8% (T-I) and of grass carp from 
40.0±0.0% (T-I) to 66.7±11.6% (T-III). The overall survival rate of 
fishes ranged from 66.7±4.7% (T-I) to 85.0+8.7% (T-IV). There was 
no significant variation in survival rate between different 
t reatments. Higher survival rates were observed in T-II and T-IV 
(Table 53), where supplementary feed was also provided in addition 
to manure . 
In the present experiment, the overall survival rates of fishes 
were found to be similar with the observations made by Sinha and 
Saha (1980), where they reported a survival rate of 75-86% in 
composite fish culture ponds using commercial feeds. Catla showed 
a better survival rate in the ponds, T-I and T-III, where only manure 
application was done, whereas mrigal showed a better survival rate 
in the ponds, T-Il and T-IV, where supplementary feeding was done 
along with manuring. This may be due to plankton feeding 
behaviour of catla, where the fish might have utilised the natural 
plankton food available in the pond. In the case of mrigal, a bottom 
feeder, the fishes might have utilised the pond detritus and the feed 
provided in the pond's bottom. J e n a et al. (1999) recorded a better 
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survival rate of fishes in ponds where formulated diet was 
supplemented. Tripathi et al. (2000) reported a better survival rate 
in ponds where inorganic manuring and strict feeding schedule was 
followed. Tripathi et al (1993) have recorded survival rate ranging 
from 74-92.5% in biogas slurry treated ponds, where as J ena et al. 
(2002) have recorded 80.35 to 86.15% survival rate in carp culture 
ponds under different densities of stocking. 
According to Ghosh et al. (1979), silver carp, feeding at the 
first trophic level of food chain, is a fast growing species with a 
potentiality of boosting the production in sewage-fed ponds. In the 
present observation also, the growth of silver carp in sewage treated 
ponds was found to be about 1 kg, which is similar to the findings 
of Ghosh et al. (1979). The growth performance of mrigal was better 
in all the treatments compared to other major carps and this may 
be attributed to utilisation of available detritus and benthic 
organisms in the ponds (Chakrabarty, 1987). 
The specific growth rate (SGR) of catla ranged from 
1.33±0.03% (T-III) to 1.45±0.01% (T-IV), of rohu was 1.59±0.03% (T-
III) to 1.69±0.04% (T-IV), of mrigal from 1.66±0.03% (T-III) to 
1.91±0.04% (T-IV), of silver carp from 1.34± 0 .01% (T-I) to 
1.49±0.01% (T-IV) and of grass carp 1.53±0.09% (T-III) to 
1.64±0.02% (T-II) (Table 53). The overall growth rate of fishes in 
different treatments ranged from 1.47±0.04% (T-III) to 1.61 ±0.02% 
(T-IV). Different manuring application did not show any effect on 
overall SGR of fishes in the present experiment. However, 
t reatments with supplementary feed (T-II 86 T-IV) showed higher 
SGR. Tripathi et al. (1993) have also reported a higher SGR values 
for the fishes grown in biogas slurry treated ponds with 
supplementary feeding, whereas, in the ponds treated with only 
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biogas slurry and cowdung did not show any variation in overall 
specific growth rates of fishes. 
Production rates were computed from the biomass harvested 
from different ponds and is given in Table 53. T-IV showed highest 
production rate (2575.0±44.4 t /ha /yr ) followed by T-II 
(2178.3±232.5 t /ha /yr ) , T-I (1378.3±37.5 t /ha /y r ) and T-III 
(1298.3±65.3 t /ha /yr ) . Production rates showed a significant 
difference in different treatments (Fa.sQ = 5.664; P<0.002). The 
ponds with supplementary feeding (T-II and T-IV) showed 
significantly higher production than the ponds (T-I and T-III) 
without supplementary feeding. This indicates the amount of 
carbon applied through manure alone is not sufficient for fish 
growth. Waste recycling through fish culture is in vogue in many 
countries, and production of fish from such practices have been 
reported to be as high as 3761 k g / h a / y r (Hickling, 1971). Ghosh et 
al. (1985) reported a production of 9534 k g / h a / y r in 14 months in 
a sewage fed fish pond. The production in wastewater ponds, 
without any other input was attributed to production of food 
organisms due to increased nutrient concentrations (Schroeder, 
1975; Allen, 1969). 
Fish production rates in the present experiment were in 
conformity with the production rates reported from the ponds using 
biogas slurry and cowdung (Tripathi et al, 1993), where they got a 
production of 1666 kg /ha /y r using cowdung (10 t /ha /y r ) along 
with inorganic fertiliser (100 kg N and 50 Kg P), 1377 k g / h a / y r 
using biogas slurry (15 t /ha /yr ) along with inorganic fertiliser (100 
kg N and 50 Kg P), 2487 kg /ha /y r using biogas slurry (30 t /ha /yr ) , 
and 3020 k g / h a / y r using biogas slurry (30 t /ha /y r ) along with 
supplementary feed (1% of body weight). In the present experiment 
also, treatment with supplementary feeding showed higher 
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production rates. Aravindakshan et al. (1999) have reported a 
computed production rate of 2235 kg /ka /y r from polyculture using 
six species as well as applying only inorganic fertilisers. 
Chakrabarty et al. (1979), Saha et al. (1979) and Tripathi et al. 
(1989) have reported fish production in the range of 2226-4297 
k g / h a / y r under low input carp polyculture systems only with 
fertilisation. 
Chakrabarty et al. (1979) have reported 2438-2540 k g / h a / 6 
months and Sinha et al. (1973) reported 3233 k g / h a / 6 months, 
using cowdung alongwith inorganic manures and with 
supplementary feeding. Sreenivasan (1959) have reported fish 
productions ranging from 1000 to 5486 k g / h a in the fort-moat 
ponds in Thanjavur, Vellore, and Chenglepet receiving town sewage. 
Chakrabarty (2002) reported the mean fish production 4861.9 
k g / h a / y r at a stocking density of 8000 fingerlings/ha with regular 
intake of treated sewage and without any additional manuring. 
Ghosh et al. (1985) in a series of experiments on composite culture 
of Indian and exotic carps in sewage irrigated ponds achieved high 
production levels ranging from 5402 to 8619 kg /ha /y r , adopting 
high stocking densities (10,000 to 24000 fmgerlings/ha). In the 
present study, yields ranged from 1378.3 to 2178.3 k g / h a / y r in 
sewage fed ponds and 1298.3 to 2575.0 k g / h a / y r in compost 
treated ponds with a stocking density of 5000 fmgerlings/ha. From 
the above observations it is clear that for optimising the production 
under sewage-fed or waste fed fish culture the fertilization levels are 
to be maintained to sustain the in situ standing crop. 
4.4,6. Energy transfer and Production efficiency 
Studies on production efficiencies of aquatic ecosystem are of 
practical value in their proper management for fish culture. The 
information on production efficiencies has been used both to denote 
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the productivity s ta tus of water bodies as well as to predict fish 
yield (Melack, 1976, Haniffa and Pandian, 1978; Natarajan and 
Pathak, 1985; Ayyappan, 1987; Kolekar and Singh 1999). The 
recent trend of aquatic ecosystem studies has been focussed to the 
trophic community structure, delineate the energy flow channels, 
evolve conversion efficiency coefficients and develop production 
model for each ecosystem or fish system which is in practice, so 
that the available resources can be judiciously utilised. Most of the 
available information on production efficiency is from natural water 
bodies, like lakes and reservoirs and the relevant information on 
managed fish ponds is limited (Noriega-Curtis, 1979; Ram et al, 
1982; Tripathi et al, 1989; Ayyappan et al, 1990b; Ghosh, 1998). 
In the present experiment, photosynthetic production 
efficiencies were computed taking into account the data of incident 
solar energy available at the experimental station and gross primary 
production of different treatment ponds, and presented in Table 54. 
The average solar energy data for the period of experiment was 
calculated from the solar radiation data (Kimball, 1935) and found 
to be as 1979.314 K cal/m^/d. There was a wide fluctuation in 
production efficiencies in all the treatments, particularly in 
Treatment-Ill, where higher production efficiencies were recorded in 
the months of March and July (Fig. 40). Production efficiency did 
not show any particular trend in variation in different treatments. 
The mean production efficiency ranged from 1.96% in Treatment-IV 
to 2.56% in Treatment-Ill. The energy transfer through 
photosynthesis ranged from 1.28±0.14% of available solar energy in 
Treatment-Ill during August and Treatment-IV during April to 
3.93±0.06% in Treatment-II during October. 
The mean photosynthetic production efficiencies were 
2.49±0.75%, 2.46±0.66%, 2.53±0.78% and 1.96±0.45% in 
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Treatment-I, Treatment-II, Treatment-Ill and Treatment-IV 
respectively (Table 54). Mean values showed significant deference in 
different treatments (FS.MS = 5.74; P<0.001). The production 
efficiency in Treatment-IV was significantly lower as compared to 
other treatments and it may be due to lower primary productivity. 
However, except in Treatment-Ill, all the other treatments showed 
lower efficiencies in summer months. Low photosynthetic efficiency 
during summer months was also reported by Ayyappan et al (1987) 
from a freshwater lake and Sarangi (1983) from sewage fed ponds. 
However, Radheshyam and Naik (1992) have reported higher 
production efficiencies in summer months. The photosynthetic 
efficiency levels in ponds, lakes and reservoirs of India have been 
reported to be in the range between 0.17 and 6 . 1 % (Ganapati and 
Sreenivasan, 1970; Sreenivasan, 1972 &1976; Mathew, 1975; 
Natarajan and Pathak, 1985; Mehra, 1986; Singh et al, 1990; 
Kolekar and Singh, 1999; Singh, 2000). Ayyappan et al (1990b) 
have reported mean production efficiency in the range of 1.03 to 
2 .51% and 0.91 to 2.69% in two experiments conducted with 
different organic manures and inorganic manures . In the present 
experiments, production efficiency was slightly higher than their 
observations. It may be due to the use of processed organic matter 
in the ponds. 
Photosynthetic energy fixed in different t reatments were 47.90, 
47.80, 49.80 and 42.10 K cal /m2/d in Treatment-I, Treatment-Il, 
Treatment-Ill and Treatment-IV, respectively. The lowest energy was 
found in Treatment-IV. The corresponding energy conversion 
efficiency, from solar energy to photosynthetic energy, was 
computed and found 2.42, 2.41, 2.52, and 2.13% in Treatment-I, 
Treatment-II, Treatment-Ill and Treatment-IV, respectively. The 
energy conversion efficiency values were in conformity with 
Ayyappan et al. (1987) from a freshwater lake and Ayyappan et al. 
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(1990b) from fish ponds under different management practices. 
The energy transfer efficiencies at different levels were 
computed and presented in the Table 55. The mean photosynthetic 
production values in four treatments during the study period were 
4.79, 4.78, 4.98 and 4.21 g C/m^/d with corresponding conversion 
efficiencies from solar energy as 2.42, 2 .41 , 2.52 and 2.13% in T-I, 
T-II, T-III and T-IV treatments, respectively. Ayyappan et al. (1987) 
have reported efficiency of conversion of radiant energy to chemical 
energy as 1.0705% in a natural lake and Ayyappan et al. (1990b) 
reported efficiencies in the range of 0.35-3.77 in different fish 
culture experiments. The efficiency values in the present 
experiment are higher than the natural water bodies and this can 
be related to different management practices of the ponds as also 
reported by Ayyappan et al. (1990b). 
Fish production levels were recorded as 0.3777, 0.5968, 
0.3558 and 0.7055 g C/m2/d in Treatment-1, Treatment-Il, 
Treatment-Ill and Treatment-IV, respectively and in terms of energy 
calculated it was 0.4532, 0.7162, 0.4269 and 0.8466 Kcal/m2/d. 
Energy transfer, as fish production, was computed using 
photosynthetic carbon production data and found to be 0.9461, 
1.4984, 0.8572 and 2.0109% in T-I, T-II, T-III and T-IV, 
respectively. Ayyappan et al. (1987) reported 0.4257% of 
photosynthetic to fish production efficiency from a freshwater lake. 
1.2% fish production efficiency is an index of good production 
(Odum, 1962). LeCren and McConnel (1980) have reported that the 
production efficiency value ranging between 0.1 and 1.6% in 
natural waters. 
The carbon inputs into the ponds, using different manures 
were calculated as 0.085, 0.085, 0.089 and 0.089 g C / m ^ d in 
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Treatment-I, Treatment-II, Treatment-Ill and Treatment-IV, 
respectively. Carbon input was also received in the second and 
fourth treatments through supplementary feed (Table 55). The total 
carbon input, including photosynthetic carbon fixation, in the 
ponds were 4.875, 5.165, 5.069 and 4.619 g C/m2/d, and based on 
total carbon input, energy transfer efficiency values were 0.93, 
1.387, 0.842 and 1.833% in Treatment-I, Treatment-II, Treatment-
Ill and Treatment-IV, respectively. Tripathi et al. (1989) reported 
conversion efficiencies, based on total carbon input, as 1.94%, 
2.75% and 3.11% in ponds treated with biogas slurry (15 t / ha /y r , 
30 t /ha /y r ) , and cowdung (10 t /ha /yr ) , respectively. In the present 
experiment, production efficiency values, based on total carbon 
input, was in conformity with the observation made by Ayyappan et 
al. (1990b). From the lakes and reservoirs, production efficiency, 
based on total carbon input, reported to be as 0.24% in 
Bhavanisagar reservoir, 0.045% in Nagarjunasagar reservoir, 
0.028% in Rihand reservoir, 0.164% in Govindsagar reservoir 
(Natarajan and Pathak, 1987), 0.426 in Sanky tank (Ayyappan et 
al, 1987) and 0.588 in Keetham lake (Kolekar and Singh, 1999). 
In the present experiment, the efficiency was slightly higher 
than the natural waters and this may be due to the management 
practices such as stocking of fish, manuring and feeding as also 
reported by Olah et al. (1986). In the present experiment, though 
production efficiency was relatively less in Treatment-IV (4.619 g 
C/m2/d), fish production was significantly higher in Treatment-IV 
(2575 kg/ha /yr ) . This may be due to the availability of detritus and 
supplementary feed in this treatment. Noreiga-Curtis (1979) and 
Olah et al. (1986) also observed that primary productivity alone is 
not sufficient to account for fish production in fertilised ponds 
where heterotrophic food chain also plays an equally important role. 
In the present experiment, it is observed that though 
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photosynthetic efficiency was less in treatment IV, a higher 
production is achieved. Production efficiencies were comparable to 
the observations made by Ayyappan et al. (1990b) for fish culture 
ponds and higher than those reported by Radheshyam and Naik 
(1992) for newly constructed ponds. 
With the observations of present conversion efficiency 
levels, using composted garbage and sewage, the experiment 
explores the possibility of recycling the household garbage and 
sewage, especially from housing colonies, without much 
investment. A production in the range of 1500-2000 k g / h a / y r can 
be obtained by using the sewage or household garbage from a small 
housing colony and by using this to a productive purpose and 
abatement of environmental pollution. Ayyappan, (2000) have also 
reported fish production in the range of 3-4 t / h a / y r from duckweed 
pond using city sewage alone, without any additional input. 
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Table - 53 
Survival, Growth and Production of fishes in fish culture ponds 
using sewage and compost 
(Experiment-Ill) 
Tre-
atm-
ents 
T I 
T 11 
T III 
. Species 
Catla 
Rohu 
Mirgal 
S carp 
G carp 
Total 
Catla 
Rohu 
Mirgal 
S carp 
G carp 
Total 
Catla 
Rohu 
Mirgal 
S carp 
G carp 
Total 
T IV Catia 
Rohu 
Mirgal 
S carp 
G carp 
Total 
No s 
stoc 
ked 
10 
25 
40 
20 
5 
100 
10 
25 
40 
20 
5 
100 
10 
25 
40 
20 
5 
100 
10 
25 
40 
20 
5 
100 
Biomass 
stocked 
(g) 
39 
24 
20 
73 
14 
170 
39 
24 
20 
73 
14 
170 
39 
24 
20 
73 
14 
170 
39 
24 
20 
73 
14 
170 
No s 
Harv 
ested 
8±1 2 
14+2 1 
25±4 9 
17+1 2 
2±0 0 
67+4 7 
9±1 2 
20±1 5 
36±4 9 
16+3 2 
2+0 6 
83+8 7 
9+1 7 
15+5 8 
31+3 6 
14+1 7 
3 0+0 6 
73±112 
8+0 6 
23±2 3 
36+5 3 
15+1 0 
3 0+0 0 
85+8 7 
Survival 
(%) 
76 7±11 6 
57 3±8 3 
63 3±12 3 
86 7+5 8 
40 0+0 0 
66 7±4 7« 
86 7±11 6 
78 7±6 1 
89 2±12 3 
81 7+16 1 
46 7±11 6 
82 67±8 7» 
90 0±17 3 
61 3±23 1 
77 0+9 0 
70 0+8 7 
66 7±11 6 
72 7±11 2" 
83 3±5 8 
90 7+9 2 
90 0±13 2 
75 0±5 0 
60 0±0 2 
85 0±8 7» 
Mean fish 
weight 
(kg) 
0 540±0 04 
0 380±0 01 
0 31010 02 
0 490±0 02 
0 850±0 13 
0 410±0 02 
0 720±0 05 
0 410±0 18 
0 440±0 20 
0 670+0 03 
1 120±0 29 
0 530±0 01 
0 510±0 06 
0 320±0 04 
0 21010 02 
0 530±0 19 
0 790+0 27 
0 360+0 05 
0 780±0 03 
0 450+0 07 
0 530±0 08 
0 830±0 04 
1 110+0 10 
0 61010 06 
SGR (%) 
1 35+0 02 
1 64+0 01 
1 76+0 02 
1 34+0 01 
1 56+0 04 
1 5110 01> 
1 43+0 02 
1 66±0 00 
1 86±0 01 
1 43+0 02 
1 64+0 02 
1 5710 01» 
1 33+0 03 
1 5910 03 
1 66±0 03 
1 36+0 09 
1 53+0 09 
1 47+0 04" 
1 4510 01 
1 69+0 04 
1 91±0 04 
1 49+0 01 
1 63+0 02 
1 6110 02* 
Biomass 
harvested 
(kg) 
4 17+0 60 
5 47-0 95 
7 80+1 06 
8 43+0 80 
1 70+0 26 
27 57+0 75* 
6 23+0 40 
8 02±0 63 
15 63+2 72 
11 07+2 63 
2 60+0 53 
43 57+4 65" 
4 50±0 5 
4 80+1 51 
667^1 12 
7 27+1 5 
2 73+1 45 
25 97+1 31« 
6 50+0 20b 
10 17+0 58 
19 03+1 76 
12 47+1 27 
3 33+0 29 
51 50±0 89i> 
Production 
(kg/ha/yr) 
208 3+30 1 
273 3+47 3 
390 0+52 9 
421 7140 1 
85 0+13 2 
1378 3+37 5* 
311 7+20 2 
400 8131 3 
781 71136 0 
553 31131 4 
130 0+26 5 
2178 31232 5'' 
225 0+25 0 
240 0+75 7 
333 3+55 8 
363 3+75 2 
136 7+72 3 
1298 3165 3-
325 0+10 0 
508 3±28 9 
951 7+88 1 
623 3+63 3 
166 7+14 4 
2575 0l44 4" 
Values are expressed as MeaniSD {n=3), Values of mean with difierent superscripts differ significantly in a 
column (P<0 05) (T I Sewage @ 35 m3/week, T II Sewage + feed, T III compost (a 20 t/ha/yr, & T IV 
compost + feed) 
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Table - 54 
Variations in photosynthetic efficiency (%) over incident 
light energy in fish culture ponds using sewage and compost 
(Experiment-Ill) 
Months 
J a n 
Feb 
Mar 
Apr 
May 
J u n 
Ju l 
Aug 
Sep 
Oct 
Nov 
Dec 
Overall 
mean iSD 
T-I 
2.04±0.03 
3.85±0.37 
3.59±0.06 
1.86±0.06 
1.71±0.06 
2.12±0.07 
1.61±0.04 
1.79±0.01 
2.33±0.01 
2.81±0.02 
2.94±0.15 
3.18±0.29 
2.49±0.75a 
T-II 
2.16±0.13 
2.57±0.00 
3.12±0.19 
1.46±0.03 
1.68±0.01 
2.62±0.03 
1.98±0.00 
2.21±0.01 
2.23±0.01 
3.93±0.06 
2.49±0.02 
3.11±0.09 
2.46+0.66^ 
T-III 
3.0710.17 
1.86±0.12 
3.80±0.03 
2.64+0.03 
1.82+0.06 
2.60±0.00 
3.75±0.01 
1.28±0.14 
1.58±0.05 
2.55±0.01 
3.02±0.07 
2.4410.06 
2.5310.78'' 
T-IV 
2.5510.00 
1.65+0.07 
2.30^0.01 
1.28+0.07 
1.67 j 0.00 
1.36+0.02 
2.1310.06 
1.6310.04 
1.7810.12 
2.5610.00 
2.5310.09 
2.06H).10 
1.9610.45" 
Values are expressed as Mean+SD (n=3); Values of overall mean (n=36) with different 
superscripts differ significantly (P<0.05). (T-I: Sewage @ 35 m^/week, T-Il: Sewage + 
feed, T-III; compost @ 20 t/ha/yr, & T-IV: compost + feed) 
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Fig. 40 
Monthly variations in Photosynthetic production efficiency 
(Experiment-Ill) 
(%) 
4.5 
4.0 -I 
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Table - 55 
Photosynthetic energy fixation, energy transfer and 
fish production efficiency levels in fish culture ponds 
using sewage and compost 
(Experiment-Ill) 
1) Location of the study (Latitude) 
2) Total visible radiation K cal /m^/d 
20" 11' 25"N 
1979.314 
3) Photosynthetic production 
a) O2, g/m^/d 
b) Carbon, g /m^/d 
c) Energy, K ca l /m^/d 
T-I T-II 
12.78 12.74 
4.79 4.78 
47.90 47.80 
T-III T-IV 
13.28 11.23 
4.98 4.21 
49.80 42.10 
4) Conversion efficiency (%) 2.42 2.41 2.52 2.13 
5) Fish production 
a) Kg/ha /yr 
b) g / m V d 
c) Energy, K ca l /m^/d 
1378.5 2178.5 
0.3777 0.5968 
0.4532 0.7162 
1298.5 2575 
0.3558 0.7055 
0.4269 0.8466 
6) Conversion of energy (%) 
a) Fish/photosynthetic 
b) Fish/ light 
0.9461 1.4984 0.8572 2.0109 
0.0229 0.0362 0.0216 0.0428 
7) Carbon input 
a) As photosynthesis, g C/m^/d 
b) As manure, g C/m^/d 
c) As feed, gC/m-^/d 
d) Total carbon (a+b+c), g C/m2/d 
e) Fish production, g C/m^/d 
4.79 4.78 
0.085 0.085 
0.00 0.30 
4.875 5.165 
0.0453 0.0716 
4.98 4.21 
0.089 0.089 
0.00 0.32 
5.069 4.619 
0.0427 0.0847 
8) Conversion efficiency (%) 
a) Fish/Photosynthetic production 0.9461 
b) Fish/ total carbon production 0.930 
1.4984 0.8572 2.0109 
1.387 0.842 1.833 
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Experiment-IV 
4.5 Depuration of bacterial load of fishes grown in sewage 
Fish grown in wastewater harbour microorganisms, some of 
which are pathogenic and can infect consumers and handlers 
(Lawton and Morse, 1980). Chakrabarti et al. (1999) reported 32 
strains of bacteria from Calcutta sewage fed bheris. A wide range of 
bacteria have been isolated from skin, digestive tracts, kidney and 
muscle of different Fish species from both temperate and tropical 
waters (Sakata, 1990; Okpokwasili and Alpiki, 1990). There are 
indications that the numbers and species of bacteria in the 
digestive tracts of fishes are related to the level of contamination of 
the water by enteric bacteria and to the fish food available ((}eldrich 
and Clark, 1996). Finfish reared in waters treated with organic 
wastes or waste waters are commonly maintained in clean water 
under starvation conditions for several days prior to marketing 
(Richards, 1988; Hepher and Schroeder, 1977) for removal of 
pathogenic organisms, objectionable odours and chemical 
contaminants. Depuration is widely practiced with molluscs for 
reducing bacterial indicator. Finfish purification is also effective by 
this method (Feachem, 1983). However, there are conflicting reports 
regarding possibility of removing bacteria and the time needed to 
attain acceptable microbial levels. Complete removal of E. coli and 
coliphages from contaminated fish was achieved following a 
purification period of 1-2 weeks (Gulein, 1962). 
An experiment was conducted to study the effect of keeping 
fishes in fresh water for reduction of bacterial load of fishes grown 
in sewage. Catla, rohu and mrigal (10 numbers each), grown in 
sewage waters, were kept in fresh water for a period of 10 days in 
separate cement tanks. Initial sampling was done for total bacteria 
and coUform bacteria from water, gill, skin and flesh of the fish. 
Daily sampling was done for total heterotrophic bacteria and total 
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coliform bacteria from water, gill, skin and flesh of the fish to study 
the reduction of bacterial load. The results are given in Tables 56-
58. 
In the present experiment, in all the tanks, total heterotrophic 
bacteria and total coliforms in water showed a sudden increase on 
second day and from third day onwards it showed a declining trend. 
The increase on second day may be due to the dispersion of 
bacteria present on the skin and gill of the fish to water. On day 
seven, the total heterotrophic bacterial count and total coliforms 
almost became negligible in all the tanks (Figs. 41-43). In all the 
organs of fishes (skin, gill and muscle), bacteria started reducing 
from the second day onwards and more than 80% of total 
heterotrophic bacteria and total coliforms disappeared on the fifth 
day. In rohu, on seventh day, complete absence of total coliforms 
was observed, except in gills. In catla and mrigal, complete absence 
of total coliforms observed on eighth day, except in gills. From 
public health point of view coliforms load should be less than 1000/ 
lOOg of fish (Mara and Cairncross, 1989). 
Initially, total heterotrophic bacterial load in skin was 0.624 
xlO^ cfu/cm2 in rohu, 0.845 x 10^cfu/cm2 in catla and 0.978 xlO" 
cfu/cm2 in mrigal, and that of total coliforms was 1.80 xlO^ 
cfu/cm2 in rohu, 1.92 xlO^ cfu/cm^ in catla and 2.01 xlO^ 
cfu/cm2 in mrigal. In all the fishes, bacterial load was found to 
reduce to a considerable number on fourth day and to negligible 
level on fifth day of depuration. Bacterial load of skin got reduced 
by more than 90% on seventh day of depuration in all the fishes. 
Gill had a higher bacterial load in all the three fishes. Mrigal 
had highest bacterial count with total heterotrophic bacteria as 
3.21 x 104 cfu/g, followed by catla (2.103 x 10^ cfu/g) and rohu 
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(1.800 X 10^ cfu/g). Bhowmik and Chakrabarti (2002) also recorded 
highest bacterial counts in gills of fishes grown in sewage. Total 
conforms in the gill were 4.80, 3.56, and 6.12 x lO^/g in rohu, catla 
and mrigal respectively. The higher bacterial load in gills may be 
due to the role of the gills in filtering microscopic organisms (Hampl 
et al, 1983). Bhowmik et al. (2000) recorded presence of total 
conforms in the gills of rohu in the range of 2.0 -18.0 x lO'* CFU/g 
in sewage grown fishes. Mary et al. (1975) have reported the highest 
bacterial population in gut content of the fishes. It may be due to 
the nature of food ingested and also to the occurrence of natural 
flora in the gut (Rajasekaran et al, 1977). Balasubramanyan et al. 
(1992) also found highest bacterial count in fish gut. They found 
second highest bacterial load in gills of silver carp, common carp, 
catla, rohu, mrigal and tilapia grown in sewage fed ponds, in all the 
fishes, nearly 90% reduction of total heterotrophic bacteria and 
total coliforms achieved by sixth day through depuration. 
Flesh had the initial count of total heterotrophic bacteria as 
0.68 cfuxlO-^/g, 0.69 cfuxlO^'/g, 0.98 cfuxlO^/g and total coliform 
bacteria as 0.86 cfuxl03/g, 0.81 cfuxl03/g and 1.23 cfuxl03/g in 
rohu, catla and mrigal, respectively. They reduced by more than 
90% on fifth day of depuration except total coliforms in catla. In 
catla, total coliforms reduced more than 90% by seventh day only. 
Overall, it was found that the bacterial count reduced to more than 
80% in 4-6 days of depuration in all the fishes. 
In the present experiment, in rohu, complete absence of 
coliforms and reduction of more than 90% of total bacteria was 
observed on seventh day. In catla, it was observed on eighth day 
and in mrigal it was on ninth day. This shows that depuration of 5-
6 days will be sufficient to remove bacterial load for making fish fit 
for human consumption. The present observation is in conformity 
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with Fattal et al. (1993), who observed reduction of E. coli and virus 
levels, appreciably and significantly, in the t issues of experimentally 
contaminated tilapia, when the fish kept for 5-8 days under 
starvation condition in tanks containing water, which was not 
changed during the experiment. Pal and Dasgupta (1991) also 
reported almost 90% reduction of E. coli and S. typhi from the 
digestive tracts of the fish, grown in sewage, on the sixth day of 
depuration in freshwater. Buras et al. (1987) reported that fish 
containing low microbial levels were effectively purified, while 
heavily contaminated fish could not be cleaned even after prolonged 
period of time. Heuschmann-Burnner (1974) was able to recover 
Salmonellae from intestinal tracts of fish 110 days after they had 
ingested the bacteria, although Baker et al. (1983) observed 
complete absence of Salmonella typhi from viscera of tilapia 32 days 
after organism was added to the environmental water. 
Balasubramanayan et al. (1992) have reported that cooked 
fish samples did not contain any microbes. The thermal death point 
of non-sporing mesophilic bacteria lies between 100 and 120 °C 
with an exposure time of 10 minutes (Cruickshank, 1968). 
Rajasekaran et al. (1977) have also reported Shigella from rohu 
grown in sewage fed ponds, but found absence of any bacteria in 
steamed, fried and fish curry preparations. The above observations 
clearly show that the fish grown in sewage is safe to consume for 
human beings, if depurated for 5-6 days and taken care of proper 
cooking. 
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Table - 56 
Variations in Total Heterotrophic bacteria and Total Coliform bacteria 
of rohu {Labeo rohita) during depuration 
(Experiment-rV) 
Days 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Total I Heterotrophs, c fux lC 
Water /ml Skin/cm^ 
0.128 
1.568 
1.472 
0.75 
0.320 
0.170 
0.062 
0.044 
0.060 
0.025 
0.624 
0.601 
0.584 
0.320 
0.128 
0.101 
0.058 
0.016 
0.015 
0.014 
GiU/g 
1.800 
1.610 
1.580 
0.558 
0.237 
0.198 
0.059 
0.017 
0.020 
0.016 
Flesh/g 
0.680 
0.400 
0.320 
0.064 
0.068 
0.032 
0.008 
0.006 
0.015 
0.010 
TotEil coliforrr 
Water/ml Skin/cm^ 
0.98 
3.52 
2.50 
0.94 
0.08 
0.04 
0 
0 
0 
0 
1.80 
1.24 
0.80 
0.08 
0.03 
0.02 
0 
0 
0 
0 
IS, cl'ux 
Gill/g 
4.80 
3.30 
2.80 
1.40 
1.20 
0.40 
0.02 
0 
0 
0 
103 
Flesh/g 
0.86 
0.42 
0.34 
0.13 
0.08 
0.04 
0 
0 
0 
0 
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Fig. 41 
Reduction of bacterial load during depuration of Labeo rohita 
(E^periment-IV) 
Total heterotrophic bacteria 
2 
1 8 
1 6 
1 4 
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Table - 57 
Variations in Total Heterotrophic bacteria and Total Coliform 
bacteria of catla (Catla catla) during depuration 
(Experiment-IV) 
Total Heterotrophs, cfuxlO"" Totad coliforms, cfuxlO^ 
Days Water/mlSkin/cm2 Gill/g Flesh/g Water/ml Skin/cm^ Gill/g Flesh/g 
1 0.161 0.845 2.103 0.690 
2 1.678 0.792 1.860 0.510 
3 1.500 0,700 1.720 0.430 
4 0.800 0,430 0.580 0.210 
5 0.580 0,218 0.346 0.067 
6 0.180 0.300 0.200 0.032 
7 0.080 0.054 0.086 0.015 
8 0.043 0,028 0.015 0.009 
9 0.036 0.015 0.020 0.006 
10 0.021 0.010 0.014 0.002 
0.79 
2.57 
2.35 
0.95 
0.40 
0.10 
0.02 
0 
0 
0 
1.92 
0.98 
0.86 
0,58 
0.23 
0.13 
0.0 
0 
0 
0 
3.56 
1.85 
2.03 
1,32 
0.64 
0.33 
0.12 
0.01 
0 
0 
0.81 
0.79 
0,68 
0.56 
0.36 
0.21 
0,08 
0 
0 
0 
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Fig. 42 
Reduction of bacterial load during depuration of Catla catla 
(Experiment-IV) 
25 
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Table - 58 
Variations in Total Heterotrophic bacteria and Total Coliform 
bacteria of mrigal {Cirrhinus mrigala) during depuration 
(Experiment-IV) 
Days 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Total Heterotrophs, cfuxlO" 
Water/ml Skin/cm2 
0.138 
1.893 
1.320 
0.428 
0.230 
0.178 
0.098 
0.046 
0.031 
0.021 
0.978 
0.732 
0.682 
0.450 
0.23 
0.218 
0.048 
0.018 
0.013 
0.012 
GiU/g 
3.210 
2.550 
2.510 
1.120 
0.987 
0.425 
0.268 
0.165 
0.098 
0.120 
Flesh/g 
0.980 
0.621 
0.320 
0.081 
0.062 
0.032 
0.009 
0.005 
0.011 
0.003 
Total coliform 
Water/ml Skin/cm2 
0.83 
1.86 
2.40 
0.48 
0.51 
0.37 
0.20 
0 
0 
0 
2.01 
1.32 
1.52 
1.23 
0.86 
0.45 
0.34 
0.10 
0 
0 
s, cfuxl03 
Gill/g 
6.12 
4.90 
5.40 
4.20 
1.39 
1.23 
0.54 
0.23 
0.01 
0 
Flesh/g 
1.23 
1.32 
1.01 
0.56 
0.24 
0.08 
0.06 
0 
0 
0 
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Fig. 43 
Reduction of bacterial load during depuration of Cirhinus mrigala 
(Experiment-IV) 
Total heterotrophic bacteria 
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Table - 59 
Analysis of Variance of different parameters between treatments 
Bxperiment-I 
Temperature (°C) 
Transparency (cm) 
pH 
DO (mg/L 
CO, (mg/1) 
Alk (mg/1) 
Hardness (mg/1) 
Calcium (mg/1) 
NO2-N (mg/1) 
NO3-N (mg/1) 
NH4-N (mg/1) 
PO4-P (mg/1) 
BOD (mg/1) 
Phytoplankton 
(nos.ml) 
Zooplankton (nos./l) 
GPP(gC/mVd) 
NPP (gC/m3/d) 
CR (gC/m3/d) 
Total heterotrophic 
bacteria, water 
Total heterotrophic 
bacteria, sediment 
Total coliforms, water 
Total coliforms, 
sediment 
D.F 
1,77 
1,77 
1,77 
1,77 
1,77 
1,77 
1,77 
1,77 
1,77 
1,77 
1,77 
1,77 
1,77 
1,77 
1,77 
1,77 
1,77 
1,77 
1,25 
1,25 
1,25 
1,25 
F-calculated 
0.391 
16.039 
0.405 
0.533 
0.428 
0.397 
2.072 
4.162 
0.116 
0.102 
0.682 
1.688 
0.258 
0.021 
2.497 
7.676 
2.272 
2.724 
1.328 
0.039 
0.667 
0.071 
F-critical 
3.966 
3.966 
3.966 
3.966 
3.966 
3.966 
3.966 
3.966 
3.966 
3.966 
3.966 
3.966 
3.966 
3.966 
3.966 
3.966 
3.966 
3.966 
4.259 
4.259 
4.259 
4.259 
P-value Significance 
0.533 
0.0001 V 
0.526 
0.467 
0.514 
0.530 
0.154 
0.044 V 
0.733 
0.749 
0.411 
0.197 
0.612 
0.884 
0.118 
0.007 V 
0.135 
0.102 
0.260 
0.844 
0.421 
0.791 
(Actual significance level shown in the table) 
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Table - 60 
Analysis of Variance of different parameters between treatments 
Experiment-II 
Temperature (°C) 
Transparency (cm) 
PH 
DO (mg/l_ 
CO2 (mg/1) 
Alk (mg/1) 
Hardness (mg/1) 
Calcium (mg/1) 
NO2-N (mg/1) 
NO3-N (mg/1) 
NH4-N (mg/1) 
PO4-P (mg/1) 
BOD (mg/1) 
Phytoplankton 
(nos./ml) 
Zooplankton (nos./l) 
GPP (gC/m3/d) 
NPP (gC/m3/d) 
CR (gC/m3/d) 
Total heterotrophic 
bactena, water 
Total heterotrophic 
bactena, sediment 
Total coliforms, 
water 
Total coliforms, 
sediment 
D.F 
2,116 
2,116 
2,116 
2,116 
2,116 
2,116 
2,116 
2,116 
2,116 
2,116 
2,116 
2,116 
2,116 
2,116 
2,116 
2,116 
2,116 
2,116 
2,38 
2,38 
2,38 
2,38 
F-calculated 
0.084 
11.067 
8.826 
0.847 
8.272 
2.813 
0.497 
1 356 
6.680 
0.299 
1.478 
0.015 
0.283 
1.090 
1.649 
4.099 
6.958 
0.846 
7.885 
62.525 
13.819 
17 881 
F-critical 
3.075 
3.075 
3 075 
3.075 
3.075 
3.075 
3 075 
3 075 
3.075 
3 075 
3.075 
3 075 
3.075 
3.075 
3.075 
3.075 
3 075 
3 075 
3 259 
3 259 
3.259 
3.259 
P-value Significance 
0 9 1 8 
0 00004 
0 0002 
0 431 
0 0004 
0 064 
0 703 
0 261 
0 001 
0 741 
0 232 
0 984 
0 753 
0 339 
0 196 
0 019 
0 001 
0 431 
0 001 
0 00001 
0 00001 
0 00001 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
(Actual significance level shown in the table) 
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Table - 61 
Analysis of Variance of different parameters between treatments 
(Experiment-Ill) 
Temperature [°C) 
Transparency (cm) 
pH 
DO (mg/L 
CO2 (mg/1) 
Alk (mg/l) 
Hardness (mg/1) 
Calcium (mg/1) 
NO2-N (mg/1) 
NO3-N (mg/1) 
NH4-N (mg/1) 
PO,-P (mg/1) 
BOD (mg/1) 
Phytoplankton 
(nos.ml) 
Zooplankton (nos./l) 
GPP (gC/m3/d) 
NPP(gC/m3/d) 
CR (gC/m3/d) 
Total heterotrophic 
bacteria, water 
Total heterotrophic 
bacteria, sediment 
Total coliforms, water 
Total coliforms, 
sediment 
D.F 
3,143 
3,143 
3,143 
3,143 
3,143 
3,143 
3,143 
3,143 
3,143 
3,143 
3,143 
3,143 
3,143 
3,143 
3,143 
3,143 
3,143 
3,143 
3,47 
3,47 
3,47 
3,47 
F-calculated 
0.026 
0.403 
1.648 
3.908 
2.094 
1.104 
2.848 
3.148 
2.448 
1.040 
7.580 
4.720 
13.564 
2.759 
14.010 
6.538 
19.340 
5.720 
1.936 
0.213 
0.056 
0.607 
F-critical 
2.669 
2.669 
2.669 
2.669 
2.669 
2.669 
2.669 
2.669 
2.669 
2.669 
2.669 
2.669 
2.669 
2.669 
2.669 
2.669 
2.669 
2.669 
2.816 
2.816 
2.816 
2.816 
P-value Significance 
0.994 
0.750 
0.180 
0 010 
0 103 
0 349 
0 039 
0 027 
0.066 
0.376 
0 0009 
0 0036 
0 0008 
0 044 
0 0004 
0 0003 
0 00001 
0.001 
0.137 
0.886 
0 981 
0.613 
-
-
-
^ 
-
-
V 
V 
-
-
^ 
V 
V 
•^ 
< 
V 
V 
V 
-
-
-
~ 
(Actual significance level shown in the table) 
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5. CONCLUSIONS AND RECOMMENDATIONS 
Four experiments on utilisation of processed waste in fish 
culture were carried out during the study period: 
A. Use of domestic gsirbage compost as manure for fry rearing of 
major carps 
B. Use of sewage, compost and cowdung as manure for 
fingerling rearing and its production efficiency 
C. Use of sewage and compost with and without supplementary 
feeding for fish production and its production efficiency 
D. Experiment on depuration of bacterial load of fishes grown in 
sewage. 
1) In the first experiment, results were not found encouraging as 
compared to fry rearing by using inorganic fertilisers, in 
terms of survival and growth rates. 
2) Though energy conversion efficiency was slightly higher in 20t 
compost treated pond, mineralisation, in general, was slow in 
both the applications of compost i) @ 10 t / h a / y r and ii) @ 20 
t / h a / y r . 
3) Since the fishes were small, they may not be able to use all 
the detritus food material available through compost. In 
younger stages, fish usually prefer live organisms for their 
growth. 
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4) In second experiment, though the survival rates were as 
compared to traditional practices of fingerling rearing, the 
growth rate of fishes were not as good as traditional practices. 
5) Though energy transfer efficiency values in all treatments 
were comparable with traditional practices of fingerling 
rearing, fish production rates were less in all the treatments 
as compared to traditional practices, utilising inorganic 
fertilisers along with feed. 
6) Mineralisation process was found at slower rate, as evident 
from heterotrophic bacterial growth, hence the availability of 
nutr ients to water was less, which affected the plankton 
production. 
7) During fingerling rearing stage, fish need good amount of 
plankton. Detritivorous fishes, like mrigal, can utilise organic 
material in a better way, as it is evident from its growth. 
8) In the third experiment on production of fish, survival and 
growth rates in the treatments with feed (@1% of body weight) 
were comparable with the traditional practices of utilising 
cowdung and inorganic fertilisers. 
9) Mineralisation was slower, hence the availability of nutrients 
were less. However, detritus contributed in total productivity. 
10) Though photosynthetic energy transfer values were less in the 
treatment having compost @20 t / h a / yr with feed (1% of body 
weight), fish production was higher in this treatment, due to 
higher amount of carbon input through compost and feed. 
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11) In depuration experiments {IV experiment) successful results 
were obtained as total bacteria and total coliform loads of 
fishes got reduced upto 90% within a period of 5-6 davs by 
keeping in freshwater 
12) Further research may be carried out on utilizing domestic 
garbage compost in combination of inorganic fertiliser, so as 
to raise good quantity of plankton in pond for raising carp fry. 
In this way, to some extent, the cost of inorganic fertiliser can 
be reduced and also the domestic wastes can be utilised and 
the input cost for fry rearing can be minimized. 
13) For effective utilisation of domestic wastes, further research 
may be carried out, in combination of sewage/compost with 
inorganic fertilisers or feed. 
14) Research should be focused on optimisation of the ratio of 
sewage/compost and inorganic fertilisers or feed for 
augmenting the energy transfer and thereby reducing the cost 
of fish culture, in fingerling rearing as well as in grow out 
ponds. 
15) The present work explored the possibility of utilising wastes 
generated from domestic colonies and possible energy 
transfer efficiencies by utilising these wastes. 
236 
6. SUMMARY 
Experiment I 
Use of domestic garbage compost as manure for fry rearing of 
major carps 
Various physico-chemical parameters were analysed and 
given in Tables 3-7. Phytoplankton ranged from 260±19 nos. /ml to 
892±274 nos . /ml and zooplankton from 92±18 nos . / l to 679±162 
nos . / l . Phytoplankton were dominated by Myxophyceae followed by 
Bacillariophyceae, Desmidiaceae, Chlorophyceae and 
Euglenophyceae, whereas zooplankton were dominated by rotifers, 
followed by nauplii larvae, copepods, cladocerans and ostracods in 
both the treatments. 
Gross primary productivity, in the two treatments, ranged 
from 1.10±0.20 gC/m^/d to 2.47+0.40 gC/m^/d showing wide 
fluctuations. Mean gross productivity values were found to be 
significantly different in two treatments. The gross productivity 
values in Treatment-II with provision of 20 tonnes compos t /ha /yr 
was significantly higher over Treatment-! with 10 tonnes 
compos t /ha /yr . Higher productivity may be due to higher amount 
of organic manure in terms of compost. Mean net primary 
productivity values were recorded as 0.97 gC/m^/d and 1.13 
gC/m^/d and for community respiration the values were 0.69 
gC/m3/d and 0.88 gC/m3/d in T-I and T-II respectively. 
Community respiration values were ranged from 0.23±0.0 gC/m^/d 
to 1.5910.60 gC/m3/d in different treatments. 
The heterotrophic bacterial counts in water ranged from 
0.39x103 cfu/ml to 24.80x10^ cfu/ml in two treatments. The mean 
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values of heterotrophic bacteria in the sediment ranged from 
1.58x105 cfu/g to 37.9x10^ cfu/g. No significant correlation could 
be established between nutrients and heterotrophic bacterial count. 
This may be due to utilisation of nutrients by plankton and 
sedimentation of nutrients. 
The coliform counts in water were in the range of l.lSxlO^ 
cfu/ml to 44.9x10^ cfu/ml in two treatments, whereas in sediments 
the density ranged between 0.29x10^ cfu/g to 79x10^ cfu/g in two 
treatments. Both the treatments showed almost a uniform pattern 
in total coliform counts through out the study. Lower values of total 
coliforms may be due to the usage of composted material as organic 
manure . 
Survival rates of fishes were, 39.3±24.9% (cada), 25.3±7.5% 
(rohu), and 58.4±11.9% (mrigal) in Treatment-I, and in Trcalment-
II, the rates were 84.1±13.2% (catla), 42.9±7.2% (rohu), 69.6±2.5% 
(mrigal). The overall survival rate were 41.0±13.1% and 65.5±4.3% 
in Treatment-I and Treatment-II, respectively. In both the 
treatments, rohu had the lowest survival rate and mrigal highest. 
The overall survival rate of fishes showed a significant difference 
between the two treatments (Fi,i7=6.791; P<0.02). Specific growth 
rates of fishes were 3.4±0.57% (catla), 2.7±0.07% (rohu) and 
3.6±0.10% (mrigal) in Treatment-I and 2.9±0.19% (catla), 2.5±0.27% 
(rohu) and 3.7±0.01% (mrigal) in Treatment-II. Mean survival rates 
of fishes were significantly different in two treatments (Fl, 17=6.791; 
P>0.05). Higher survival rate and growth, in T-II, may be attributed 
to higher efficiency of carbon input through compost. 
The energy transfer through photosynthesis and conversion 
efficiencies were computed and average photosynthetic production 
vadues, in terms of energy, were 16.50 kcal /m^/d and 20.10 
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kcal /m^/d in Treatment-I and Treatment-II, respectively. Transfer 
of solar energy through photosynthesis were 0.66% and 0.80% in 
Treatment-I and Treatment-II respectively. 
Average fish production per day was calculated and found to 
be 0.2203 g m2/d in Treatment-I and 0.3026 g m2/d in Treatment-II 
and in terms of carbon, it was 0.026 g C/m2/d, 0.036 g C/m2/d. It 
was also noticed that 1.60% of photosynthetic energy was 
transformed to fish production in Treatment-I and 1.81% in 
Treatment-II. Slightly higher efficiency was observed in Treatment-
II. The solar energy transfer to fish production was 0.011% in the 
pond using compost at the rate of 10 t / h a / y r and 0.015% in the 
pond using compost at the rate of 20 t / h a / y r . There is a slight 
increase in efficiency where higher dose of compost was used. The 
carbon inputs into the ponds through compost were 0.067 g 
C/m2/d and 0.133 g C/m2/d and conversion efficiencies of fish 
production, on the basis of carbon input, were 1.48% and 1.75% in 
Treatment-I and Treatment-II, respectively. The higher energy 
transfer efficiency in Treatment-II might be due to higher input of 
carbon in compost added pond. 
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Experiment II 
Use of sewage, compost and cowdung as manure for fingerling 
rearing and its production efficiency 
Various physico-chemical parameters were analysed and 
given in Tables 15-20. Phytoplankton ranged from 207±16 nos. /ml 
to 3272±442 nos./ml- Among phytoplankton, Myxophyceae 
dominated in experimental ponds followed.by Bacillariophyceae and 
Chlorophyceae in all the three treatments. Zooplankton ranged from 
54±7 nos . / l to 361±37 nos. / l . In all the t reatments , rotifers formed 
the dominant group, followed by nauplii larvae, copepods, and 
cladocerans. Ostracods, were also found to be present but in some 
months only. 
The mean gross primary productivity values were 3.31, 3.66 
and 4.69 gC/m^/day in T-I, T-Il and T-IIl, respectively. The 
maximum value was recorded (9.81±3.21 gC/m^/d) in TreaLment-III 
in seventh fortnight, whereas the minimum value was recorded 
(1.60±0.35 gC/m3/d) in Treatment-11 in third fortnight. Application 
of different manures had a significant effect on gross productivity 
(F2,116=4.099; P<0.02). Treatment-Ill showed a significantly higher 
mean productivity as compared to other t reatments. The mean net 
productivity values were 1.38, 1.78 and 2.37 gC/m^/day in T-I, T-II 
and T-III, respectively. Net productivity was significantly higher in 
cow dung treated ponds (T-III) than in sewage treated ponds (T-I), 
but no significant difference was found in compost treated pond (T-
II). Mean community respiration values ranged between 1.93 
gC/m3/d, 1.88 gC/m3/d and 2.32 gC/m3/d in T-I, T-II and T-III, 
respectively. 
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Mean heterotrophic bacterial count of water was 0.47±0.69 x 
103 cfu/ml, 1.84±1.12 x 10^ cfu/ml and 1.95±1.29 x 103 cfu/ml. 
The lowest bacterial count, 0.06 x 103 cfu/ml, was recorded in the 
Treatment-I and the highest count, 4.40 x 103 cfu/ml, was recorded 
in Treatment-Ill. The differences in heterotrophic bacterial counts in 
different treatments were highly significant. The values of 
heterotrophic bacteria in the sediment ranged from 0.07 x 10^ cfu/g 
to 6.25 X 10^ cfu/g. The highest value was recorded in Treatment-I 
in the third fortnight and the lowest in Treatment-Ill in the eleventh 
fortnight. In sediments, highly significant difference was noted in 
heterotrophic bacterial count in different treatments. 
Total coliform bacteria in water ranged from 0.07x 103 cfu/ml 
to 0.94 X 103 cfu/ml in different treatments. Total coliform bacteria 
in water showed highly significant difference in different treatments. 
In sediments, total coliform bacterial counts ranged from 0.12x 103 
cfu/g to 1.06 X 103 cfu/g in different treatments. In Treatment-I 
and Treatment-Ill, they educed gradually till the end of third month 
and then increased till the end of the experiment, whereas, in 
Treatment-II, they showed a slight increase till second month and 
then gradually decreased in the end of the experiment. Analysis of 
variance showed highly significant difference of mean values of total 
coliforms in sediments in different treatments. 
In fingerling rearing, in all the treatments, mrigal showed a 
higher survival rate as compared to catla and rohu. It ranged from 
52.4±4.4% in Treatment-Ill to 70.6±5.8% in Treatment-II. Survival 
rate of rohu was in the range of 42.0±2.8% in Treatment-Ill to 
46.1±1.6% in Treatment-II. Catla showed poor survival rate among 
the three carp species, which ranged from 36.7+3% in Trea tment ! 
to 40.9±4.7% in Treatment-Ill. It is recorded that, overall survival 
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rate was better in Treatment-II (50.6±3.1%) followed by Treatment-I 
(47.4±2.3%) and Treatment-Ill (45.1±1.8%). 
Specific growth rate of fishes in various treatments ranged 
from 1.59±0.0% (T-II) tol.64±0.02% (T-III). Mrigal had a higher 
growth rate which ranged from 1.70±0.01% (T-II) to 1.79±0.02% (T-
I) followed by rohu 1.61±0.02% (T-I) tol .69±0.04% (T-II) and catla 
1.41±0.02% (T-II) to 1.47±0.02% (T-III). Mrigal showed belter SGR 
(1.79 in T-I, 1.7 in T-II and 1.76 in T-III) as compared to rohu (1.61 
in T-I, 1.69 in T-II and 1.68 in T-III) and catla (1.43 in T-I, 1.41 in 
T-II and 1.47 in T-III). The extrapolated fish production rates from 
different experiments were 1028.2, 1050.0, and 1004.3 kg /ha /y r 
from T-I, T-II and T-III, respectively. 
Average visible radiation energy during the study period was 
1781.4 kcal /m^/d . Average photosynthetic production rates were 
calculated to be, 33.10 kcal/m2/d, 36.60 k c a l / m ^ d , 46.90 
kcal /m^/d , in sewage treated pond (T-I), compost treated pond (T-II) 
and cowdung treated pond (T-III), respectively. The conversion 
efficiency of solar energy to chemical energy through photosynthesis 
was recorded as 1.86% in T-I, 2.05% in T-II and 2.63% in T-III. Fish 
production efficiencies over photosynthetic energy were 1.021, 
0.943 and 0.704% in T-I, T-II and T-III, respectively. Fish 
production efficiencies over light energy were 0.019, 0.0194 and 
0.0185% in T-I, T-II and T-III, respectively. 
The carbon inputs into the ponds through manures were 
0.088 g C/m2/d, 0.111 g C/m2/d and 0.236 g C/m2/d in T-I, T-II 
and T-III, respectively. Mean fish production levels per day were 
computed from the biomass harvested and found to be 0.034 g 
C/m2/d in T-I, 0.035 g C/m2/d in T-II and 0.033 g C/m2/d in T-III. 
Using these organic manures for fingerling rearing, energy transfer 
242 
from solar energy to fish was calculated and found 0.0190%, 
0.0194% and 0.0185% in sewage, compost and cowdung treated 
ponds, respectively. Based on total carbon input, the fish 
production efficiencies were 0.0995%, 0.915% and 0.670%. 
Compared to raw cowdung, processed manure, compost and treated 
sewage showed higher energy transfer efficiencies. 
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Experiment III 
Use of sewage and compost with and without supplementary 
feeding for fish production and its production efficiency 
Various physico-chemical parameters analysed are 
represented in Tables 31-43. Phytoplankton were in the range of 
397±141 nos . /ml to 501±156 nos. /ml and zooplankton 233±66 
nos . / l to 357±115nos./l- in all the treatments, phytoplankton 
shows Myxophyceae as a dominant group followed by 
Bacillariophyceae and Chlorophyceae. Zooplankton composition 
varied between treatments. Treatment-! showed the dominance of 
cladocera, followed by copepods, rotifers and nauplii larvae, 
whereas in Treatment-II, copepods dominated, followed by nauplii 
larvae, rotifers and cladocera, Treatment-Ill, copepods dominated 
followed by cladocera, rotifers and nauplii larvae and in Treatment-
IV, copepods dominated followed by nauplii larvae, rotifers and 
cladocera. 
The mean values of gross primary productivity were 
calculated as 4.79 gC/m^/d, 4.78 gC/m3/d, 4.98 gC/m^/d and 
4.21 gC/m3/d in T-I, T-II, T-III and T-IV, respectively. Gross 
productivity in different treatments were significantly different. The 
mean gross primary productivity in Treatment-IV was significantly 
lower than that of the other treatments. The average net 
productivity values were 2.89, 3.05, 2.07 and 1.81 g C/m^/d in 
Treatment-I, Treatment-ll, Treatment-lII and Treatment-IV, 
respectively. Significant differences were observed in net primary 
productivity in different treatments. Net productivity, in both 
compost treated ponds, was less as compared to sewage treated 
ponds. The community respiration also showed significant 
difference in different treatments. 
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Average heterotrophic bacterial counts of water were 1.30, 
0.61, 0.45 andO.37 x lO^/ml in Treatment-I, TreaLment-II, 
Treatment-Ill and Treatment-lV, respectively. Mean heterotrophic 
bacterial counts in sediments were recorded as 31.45, 33.12, 30.27 
and 26.64 x lO'^/g in Treatment-1, Treatment-II, Treatment-Ill and 
Treatment-IV, respectively. In water as well as in sediments, 
heterotrophic bacteria did not show any significant difference 
between the treatments, indicating more or less similar intensity of 
bacterial activity in different treatments. 
Total coliform bacteria in water were in the range of 1.3 x 10^ 
cfu/ml (T-III) to 56 x 102 cfu/ml (T-I) in different treatments. Total 
coliform bacterial counts in sediments ranged from 1.2 x 10' cfu/g to 
10.6 X 102 cfu/g in different treatments. They showed a decline 
during initial months and from April onwards they become steady till 
the end of the experiment. 
The overall survival rate of fishes ranged from 66.7±4.7% (T-1) 
to 85.0±8.7% (T-IV). Survival rate of catla ranged from 76.7±1 1.6% 
(T-I) to 90.0±17.3% (T-II), of rohu from 57.3±8.3% (T-I) to 90.7±9.2% 
(T-IV), of mrigal from 63.3±12.3% (T-I) to 90.0±13.2% (T-IV), of silver 
carp from 70.0±8.7% (T-III) to 75.0±5.0% (T-IV) and of grass carp 
from 40.0±0.0% (T-I) to 66.7±11.6% (T-III). There was no significant 
variation in survival rate between different treatments. Higher 
survival rates were observed in T-II and T-IV, where supplementary 
feed was provided in addition to manure. 
The specific growth rate (SGR) of catla ranged from 
1.33±0.03% (T-III) to 1.45±0.01% (T-IV), of rohu was 1.59±0.03% (T-
III) to 1.69+0.04% (T-IV), of mrigal from 1.66±0.03% (T-IIl) to 
1.91 ±0.04% (T-IV), of silver carp from 1.34± 0.01% (T-i) to 
1.49±0.01% (T-IV) and of grass carp 1.53±0.09% (T-lIl) to 
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1.63±0.02% (T-IV) (Table 53). The overall growth rate of fishes in 
different treatments ranged from 1.47±0.04% (T-lII) to 1.61 ±0.02% 
(T-IV). Different manuring application did not show any significant 
effect on overall SGR of fishes in the present experiments. However, 
t reatments with supplementary feed (T-II 86 T-IV) showed higher 
SGR. 
Compost treated pond with supplementary feed (T-IV) showed 
highest production rate (2575.0±44.4 t /ha /yr ) followed by sewage 
treated pond with supplementary feed (T-II) (2178.3±232.5 t /ha /yr ) . 
Production rates showed a significant difference in different 
t reatments (Fa.sg = 5.664; P<0.002). The ponds with supplementary 
feeding (T-II and T-IV) showed significantly higher production than 
the ponds (T-I 86 T-III) without supplementary feeding. This 
indicates that the amount of carbon applied through manure alone 
is not sufficient for fish growth. 
The mean production efficiency ranged from 1.96% in 
Treatment-IV to 2.56% in Treatment-Ill. The energy transfer 
through photosynthesis ranged from 1.28±0.14% of available solar 
energy (in Treatment-Ill during August and in Treatment-lV during 
April) to 3.93±0.06% in Treatment-II during October. Photosynthetic 
energy fixed in different treatments were calculated as 47.90, 47.80, 
49.80 and 42.10 K cal /m2/d in Treatment-I, Treatment-II, 
Treatment-Ill and Treatment-IV, respectively. The corresponding 
energy conversion efficiency, from solar energy to photosynthetic 
energy, was computed and found to be as 2.42, 2 .41, 2.52, and 
2 .13% in Treatment-I, Treatment-II, Treatment-Ill and Treatment-
IV, respectively. Treatment-IV showed a significantly lower efficiency 
level. The possible reason for this might be higher respiration rate 
through biomass in the pond. 
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Fish production levels, in terms of energy calculated, were 
found to be 0.4532, 0.7162, 0.4269 and 0.8466 Kcal /mVd in 
Treatment-I, Treatment-II, Treatment-Ill and Treatment-IV, 
respectively. Energy transfer values, as fish production, were 
computed based on photosynthetic production, and found highest 
efficiency (2.0109%) in compost treated pond with supplementary 
feeding (T-IV) followed by sewage treated pond with supplementary 
feeding (T-Il) (1.4984%), sewage treated pond without 
supplementary feeding (T-I) (0.9461%) and compost treated pond 
without supplementary feeding (T-III) (0.8572%). Based on total 
carbon input, energy transfer efficiency values were computed as 
0.93, 1.387, 0.842 and 1.833% in Treatment-I, Treatment-Il, 
Treatment-Ill and Treatment-IV, respectively and the treatments 
with supplementary feeding showed higher rate of energy transfer 
efficiency. In the present experiment, it is observed that though 
photosynthetic efficiency was less in Treatment-IV, a higher fish 
production is achieved, indicating that primary productivity alone 
may not be sufficient to account for fish production. Heterotrophic 
food chain also found to play an equally important role. 
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Experiment-IV 
Depuration of bacterial load of fishes grown in sewage 
In depuration experiment, in all three tanks , the total 
bacteria and total coliform bacteria showed a sudden increase in 
water on second day, and from third day onwards it showed a 
declining trend. The increase on second day may be due to the 
dispersion of bacteria present on the skin and gill of the fish to 
water. On day seven, the total bacterial count and total coliforms 
almost became negligible in all the tanks. Initially, total bacterial 
load on skin was 0.624 xlO'* cfu/cm2, 0.845 x 10'*cfu/cm2 and 
0.978 xlO^ cfu/cm2 and that of total coliforms were 1.80 x l 0 3 
cfu/cm2, 1.92 xlO^cfu/cm^ and 2.01 xlO^ cfu/cm^ in rohu, catla 
and mrigal, respectively. In all the fishes, bacterial load reduced to 
negligible level on fifth day of depuration. Bacterial load of skin 
reduced by more than 90% on seventh day of depuration in all the 
fishes. 
Gill had a higher bacterial load in all three fishes. Mrigal had 
highest bacterial count (3.21 x 10'* cfu/g) followed by catla (2.103 x 
10-* cfu/g) and rohu (1.800 x 10"* cfu/g). Initially, total coliforms in 
gills were found to be 6.12 x 10"^  cfu/g in mrigal, 3.56 x 10"^  cfu/g in 
catla and 4.80 x lO'* cfu/g in rohu. Almost in all the fishes, 90% 
reduction of total bacteria and total coliforms was achieved by sixth 
day of depuration. 
Flesh recorded to have lower values of total bacteria (0.68 
xlO'* cfu/g, 0.69 xlO^ cfu/g, 0.98 xlO^ cfu/g) and coliform bacteria 
(0.86 xl03 cfu/g, 0.81 xl03 cfu/g and 1.23 xlO^ cfu/g) in rohu, 
catla and mrigal, respectively. These values got reduced by more 
than 90% on fifth day of depuration, except total coliforms in catla. 
In catla, total coliforms reduced more than 90% by seventh day. 
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Overall, it was found that the bacterial count reduced to more than 
80% in 4-6 days of depuration in all the fishes. 
In depuration, total coliforms reduced almost up to 90% on 
sixth day from all organs in rohu, catla and mrigal. In the present 
experiment, complete absence of coliforms and reduction of more 
than 90% of total bacteria was observed on seventh day in rohu. In 
catla, it was observed on eighth day and in mrigal it was on ninth 
day. The experiment concludes that depuration process in 
freshwater, for a period of 5-6 days, will be sufficient to remove 
bacterial load of the fishes grown in domestic sewage-fed ponds, for 
making fish fit for human consumption. 
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